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N6-ADENOSINE-METHYLTRANSFKFERASE
INHIBITORS IN CANCER TREATMENT

[0001] This application 1s a continuation of International
Application No. PCT/EP2022/063350, filed May 17, 2022,
which claims prionity to European Patent Applications
EP21174041.0, filed May 17, 2021, and EP21211529.9 filed
Nov. 30, 2021, which are mcorporated herein by reference.
[0002] The present invention relates to N6-adenosine-
methyltransferase inhibitors and to dual N6-adenosine-
methyltransferase E3 ligase binders in cancer treatment.

BACKGROUND OF THE INVENTION

[0003] Expression of genes 1s regulated at the level of the
transcriptome (messenger RNA obtained through transcrip-
tion of the genome) through dynamic levels of mRNA
modifications. The conversion of adenosine to N6-methyl-
adenosine (m°A) is the most common internal post-tran-
scriptional modification (also called epitranscriptomic modi-
fication) 1 eukaryotic mRNA. This methylation event

typically occurs within the DRACH (D=A, G, U; R=A, G;

NH

H=A, C, U) consensus sequence motif. The m°A level can
vary among different tissues, development states or in

response to cellular stresses. On the molecular level intro-
duction of the m°A affects the structure of RNA and its
ability to form protein-RNA interactions, and as a conse-
quence 1t modulates processing, translation, and stability of
the cellular transcripts. As a consequence, m°A is implicated
in controlling embryonic development processes and stem
cell differentiation, regulating the mammalian circadian
clock, and modulating stress response, e.g., heat shock.

[0004] The dynamic level of m°A is regulated by the
interplay of erasers and writer proteins. While the m°A
writer has been known for two decades, the discovery of
m°A-specific eraser proteins FTO (ALKBH9) and ALKBHS
has ultimately demonstrated the reversibility of the modifi-
cation and its regulatory role. These m°A demethylases
belong to the dioxygenase AlkB family whose enzymatic
reaction depends on Fe(Il) and 2-oxoglutaric acid (2 OG).
The core writer complex 1s formed by two methyltransier-
ase-like proteins, METTL3 and METTL14, which rely on
additional cofactors for mRNA substrate recruitment,
including WTAP and RBM15. The METTL3-METTL14
complex transfers a methyl group from S-adenosylmethio-

nine (SAM) to the adenosine within the consensus sequence
of 5'-GGACU-3". Only METTL3 has an intact SAM-binding

site, while METTL14 possesses a degenerate SAM-binding
site, which 1s not functional. The individual depletion of
METTL3 or METTL14 reduces the level of m°A in HeLa

cells. More importantly, deregulation of METTL3 has

/\N e \N//\( Handle ]_[ Linker]
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recently been linked to specific tumors, such as acute
myeloid leukemia, hepatocellular carcinoma, and Ilung
adenocarcinoma. Moreover, inhibiting m°®A modification
shows a broad antiviral eftect. Theretore, small-molecule
modulators of the METTL3-METTL14 writer has potential
therapeutic use in cancer and viral infection. Except for the
by-product S-adenosyl-L-homocysteine (SAH), there 1s no
inhibitor reported as of today.

[0005] Based on the above-mentioned state of the art, the
objective of the present invention 1s to provide means and
methods to use the small molecule therapeutic modalities to
modulate the levels of m6A modification with the goal of
regulating gene expression for cancer therapy.

[0006] This objective 1s attained by the subject-matter of
the independent claims of the present specification.

SUMMARY OF THE INVENTION

[0007] A first aspect of the mvention relates to a com-
pound of the general formula (A)

(A)

(3
‘ N

E3 ligase binder

[0008] A second aspect of the invention relates to a
compound of the general formula (U)

(U)
XN
R3l ‘ J
\N =~ hY
| ‘ N N~ NHR3
R32 ~
-~
th_/ N
NH
O
0009] A third aspect of the invention relates to a com-
p

pound according to the first or second aspect for use as a
medicament.

[0010] A fourth aspect of the invention relates to a com-
pound according to the first or second aspect for use in
treatment of cancer.

[0011] In another embodiment, the present invention
relates a pharmaceutical composition comprising at least one
of the compounds of the present invention or a pharmaceu-
tically acceptable salt thereof and at least one pharmaceu-
tically acceptable carrier, diluent or excipient.
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DETAILED DESCRIPTION OF TH.
INVENTION

L1

Terms and Definitions

[0012] For purposes of interpreting this specification, the
following definitions will apply and whenever appropriate,
terms used in the singular will also include the plural and
vice versa. In the event that any definition set forth below
conilicts with any document incorporated herein by refer-
ence, the definition set forth shall control.

bl 4 4

[0013] The terms “comprising,” “having,” “containing,”
and “including,” and other similar forms, and grammatical
equivalents thereof, as used herein, are intended to be
equivalent 1n meamng and to be open ended 1n that an 1tem
or items following any one of these words 1s not meant to be
an exhaustive listing of such item or items, or meant to be
limited to only the listed item or items. For example, an
article “comprising” components A, B, and C can consist of
(1.e., contain only) components A, B, and C, or can contain
not only components A, B, and C but also one or more other
components. As such, 1t 1s intended and understood that
“comprises” and similar forms thereof, and grammatical
equivalents thereol, include disclosure of embodiments of
“consisting essentially of” or “consisting of.”

[0014] Where a range of values 1s provided, 1t 1s under-
stood that each intervening value, to the tenth of the unit of
the lower limit, unless the context clearly dictate otherwise,
between the upper and lower limit of that range and any
other stated or intervening value in that stated range, is
encompassed within the disclosure, subject to any specifi-
cally excluded limit 1in the stated range. Where the stated
range includes one or both of the limits, ranges excluding
either or both of those mcluded limits are also included 1n
the disclosure.

[0015] Reference to “about” a value or parameter herein
includes (and describes) vanations that are directed to that
value or parameter per se. For example, description referring,

to “about X” includes description of “X.”
[0016] As used herein, including 1n the appended claims,
the singular forms *““a,” “or,” and “the” include plural refer-

ents unless the context clearly dictates otherwise.

[0017] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill 1n the art (e.g., 1n cell
culture, molecular genetics, nucleic acid chemistry, hybrid-
1zation techniques and biochemistry). Standard techniques
are used for molecular, genetic and biochemical methods

(see generally, Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2d ed. (1989) Cold Spring Harbor

Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et
al., Short Protocols 1n Molecular Biology (1999) 4th Ed,
John Wiley & Sons, Inc.) and chemical methods.

[0018] The term METTL3 in the context of the present
specification relates to N6-adenosine-methyltransferase
catalytic subunit (Uniprot 1D: Q86U44).

[0019] The term METTLI1 4 1n the context of the present
specification relates to N6-adenosine-methyltransferase

non-catalytic subunit (Uniprot ID: Q9HCES).

[0020] A C,-C; alkyl 1n the context of the present speci-
fication signifies a saturated linear or branched hydrocarbon
having 1, 2, 3, 4, 5 or 6 carbon atoms. In certain embodi-
ments, the alkyl 1s substituted, meaning e.g. one or more
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CH, moieties may be exchanged for oxygen (ether bridge)
or nitrogen (NH, or NR with R being methyl, ethyl, or
propyl; amino bridge).

[0021] The term C,-C, cycloalkyl in the context of the
present specification relates to a saturated hydrocarbon ring
having 3, 4, 5, 6 or 7 carbon atoms, wherein in certain
embodiments, one carbon-carbon bond may be unsaturated.
Non-limiting examples of a C;-C,, cycloalkyl moiety include
cyclopropanyl (—C,H;), cyclobutanyl (—C,-C,), cyclo-
pentenyl (C; Hy), and cyclohexenyl (C.H,,) moieties. In
certain embodiments, the cycloalkyl 1s substituted. In certain
embodiments, a cycloalkyl 1s substituted by one C, to C,
unsubstituted alkyl moiety. In certain embodiments, a
cycloalkyl 1s substituted by more than one C, to C, unsub-
stituted alkyl moieties.

[0022] The term heterocycle in the context of the present
specification relates to a cycloalkyl, wherein at least one ring,
atom 1s replaced or several ring atoms are replaced by a
nitrogen, oxygen and/or sulphur atom.

[0023] The term heterobicycle in the context of the present
specification relates to two directly connected cycloalkyls,
wherein at least one ring atom 1s replaced or several ring
atoms are replaced by a nitrogen, oxygen and/or sulphur
atom.

[0024] The term heterocycloalkyl 1n the context of the
present specification relates to a cycloalkyl, wherein at least
one ring atom 1s replaced or several ring atoms are replaced
by a nitrogen, oxygen and/or sulphur atom.

[0025] The term unsubstituted C, alkyl when used herein
in the narrowest sense relates to the moiety 1f used as a
bridge between moieties of the molecule, or 11 used 1n the
context of a terminal moiety.

[0026] The terms unsubstituted C, alkyl and substituted
C alkyl include a linear alkyl comprising or being linked to
a cyclical structure, for example a cyclopropane, cyclobu-
tane, cyclopentane or cyclohexane moiety, unsubstituted or
substituted depending on the annotation or the context of
mention, having linear alkyl substitutions. The total number
of carbon and—where appropriate— N, O or other hetero
atom 1n the linear chain or cyclical structure adds up to n.

[0027] Where used 1n the context of chemical formulae,
the following abbreviations may be used: Me 1s methyl CHj;,
Et 1s ethyl-CH,CH,, Prop 1s propyl-(CH,),CH; (n-propyl,
n-pr) or —CH(CH,), (1so-propyl, 1-pr), but 1s butyl-C,-C,,

—(CH,);CH,, —CHCH,CH,CH,, —CH,CH(CH,), or
—C(CH,),.
[0028] The term substituted alkyl 1n 1ts broadest sense

refers to an alkyl as defined above 1n the broadest sense,
which 1s covalently linked to an atom that 1s not carbon or
hydrogen, particularly to an atom selected from N, O, F, B,
S1, P, S, Cl, Br and I, which 1itself may be—it applicable—
linked to one or several other atoms of this group, or to
hydrogen, or to an unsaturated or saturated hydrocarbon
(alkyl or aryl in their broadest sense). In a narrower sense,
substituted alkyl refers to an alkyl as defined above 1n the
broadest sense that 1s substituted in one or several carbon

atoms by groups selected from amine NH,, alkylamine
NHR, mmide NH, alkylimide NR, amino(carboxyalkyl)

NHCOR or NRCOR, hydroxyl OH, oxyalkyl OR, oxy
(carboxyalkyl) OCOR, carbonyl O and its ketal or acetal
(OR),, nitril CN, 1sonitril NC, cyanate CNO, 1socyanate
NCO, thiocyanate CNS, 1sothiocyanate NCS, fluoride F,
choride Cl, bromide Br, i1odide I, phosphonate PO.H,,
PO.R,, phosphate OPO.H, and OPO;R,, sulthydryl SH,
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suflalkyl SR, sulfoxide SOR, sulfonyl SO,R, sulfanylamide
SO,NHR, sulfate SO;H and sulfate ester SO;R with R being

defined further in the description..

[0029] The term hydroxyl substituted group refers to a
group that 1s modified by one or several hydroxyl groups
OH.

[0030] The term amino substituted group refers to a group

that 1s modified by one or several amino groups NH,.

[0031] The term carboxyl substituted group refers to a

group that 1s modified by one or several carboxyl groups
COOQOH.

[0032] Non-limiting examples ol amino-substituted alkyl
include @ —CH,NH,, —CH,NHMe, —CH,NHEX,
—CH,CH NHE,J —CH,CH N{Me —CH,CH,NHE,

(CH2)3 —(CH,);4 '{Me —(CH,);4 '{Et —CH2CH
(NH,)CH,, —CH ~,CH(NHMe)CH,, —CH,CH(NHEt)CH,,
—(CH,),CH,NH.,, —(CH,),CH,NHMe, —(CH,)
,CH,NHEt, —CH(CH,NH,)CH,CH,, —CH(CH,NHMe)
CP CHSj —CH(CH,NHEt)CH,CH,, —CH,CH(CH,NH,)
CH;, —CH,CH(CH.NHMe¢)CH,;, —CH,CH(CH,NHEY)
CH,, —CH(NH,)(CH,),NH,,, —CH(NHMe)(CH, ),NHMe,
—CH(NHE®)(CH,),NHEH, —CH,CH(NH,)CH,NH,,
—CH,CH(NHMe)CH,NHMe, —CH,CH(NHE)
CH,NHEt, —CH,CH(NH,)(CH,),NH,, —CH,CH(NHMe)
(CH,),NHMe, —CH,CH(NHE{)(CH,),NHEt, —CH,CH
(CH,NH,),, —CH,CH(CH,NHMe),and @ —CH,CH
(CH,NHELY), for terminal moieties and —CHZCENHZ—,J
—CH,CHNHMe—, —CH,CHNHEt— for an amino sub-
stituted alkyl moiety bridging two other moieties.

[0033] Non-limiting examples of hydroxy-substituted
alkyl mclude —CH,OH, —(CH,),OH, —(CH,);OH,
—CH,CH(OH)CH,;, —(CH,),OH, —CH(CH,OH)

CH,CH,, —CH,CH(CH,OH)CH,, —CH(OH)(CH,),OH,

—CH,CH(OH)CH,OH, —CH,CH(OH)(CH,),OH and
—CH,CH(CH,OH),for terminal moieties and —CHOH—,
—CH,CHOH—, —CH,CH(OH)CH,—, —(CH,)
,CHOHCH,—, —CH(CH,OH)CH,CH,—, —CH,CH
(CH,OH)CH,—, —CH(OH)(CH,CHOH—, —CH,CH
(OH)CH,OH, —CH,CH(OH)(CH,),OH and

—CH,CHCH,OHCHOH— for a hydroxyl substituted alkyl
moiety bridging two other moieties.

[0034] The term sulfoxyl substituted group refers to a
group that 1s modified by one or several sulfoxyl groups
—SO,R, or derivatives thereof, with R being defined further

in the description.

[0035] The term sulfonamide substituted group refers to a

group that 1s modified by one or several sulfonamide groups
—SO,NHR or —NHSO,R, or derivatives thereof, with R
being defined further in the description.

[0036] The term amine substituted group refers to a group
that 1s modified by one or several amine groups —INHR or

—NR,, or denivatives thereof, with R being defined further
in the description.

[0037] The term carbonyl substituted group refers to a
group that 1s modified by one or several carbonyl groups
—COR, or dentvatives thereot, with R being defined further
in the description.

[0038] An ester refers to a group of —CO,R, with R being

defined turther 1n the description. An ether refers to a group
having one oxygen in between two saturated carbon atoms.

[0039] An amide refers to a group of —CONHR, with R
being defined further in the description.

May 2, 2024

[0040] An ethylene glycol refers to a group of —(CH,—
CH,—0O) — or —(O—CH,—CH,) —, with n being
defined further in the description.

[0041] An alkylyne refers to a group of —C=C— (triple
bond between two carbon atoms).

[0042] An alkylene refers to a group of —CH—CH—
(double bond between two carbon atoms).

[0043] The term halogen-substituted group refers to a
group that 1s modified by one or several halogen atoms
selected (independently) from F, Cl, Br, L.

[0044] The term fluoro substituted alkyl refers to an alkyl
according to the above definition that 1s modified by one or

several fluoride groups F. Non-limiting examples of fluoro-
substituted alkyl include —CH,F, —CHF,, —CF,, —(CH,)

o, —(CHF),H, —(CHF),F, —C, 15, —(CH,),F, —(CHF)
SH: —(CHF)SF: —C3F?: —(CH2)4F3 —(CHF)4H: —(CHF)
,F and —C,F,.

[0045] Non-limiting examples of hydroxyl- and fluoro-
substituted alkyl include —CHFCH,OH, —CF,CH,OH,
—(CHF),CH,OH, —(CF,),CH,OH, —(CHF),CH,OH,
—(CF,),CH,OH, —(CH,);OH, —CF,CH(OH)CHs;,
—CF,CH(OH)CF,, —CF(CH,OH)CHFCH,, and —CF
(CH,OH)CHFCEF,.

[0046] The term aryl in the context of the present speci-
fication signifies a cyclic aromatic C.-C,, hydrocarbon.
Examples of aryl include, without being restricted to, phenyl
and naphthyl.

[0047] An alkylaryl 1in the context of the present specifi-
cation relates to an alkyl group substituted by an aryl moiety.
Particular examples are ethylphenyl, propylphenyl,
butylphenyl and their higher homologues. A substituted
alkyl aryl may be substituted by the substituent indicated on
the alkyl part, 11 chemically feasible, or on the aryl part of
the moiety.

[0048] A heteroaryl 1s an aryl that comprises one or
several mitrogen, oxygen and/or sulphur atoms. Examples
for heteroaryl 1include, without being restricted to, pyrrole,
thiophene, furan, imidazole, pyrazole, thiazole, oxazole,
pyridine, pyrimidine, thiazin, quinoline, benzofuran and
indole. A heteroaryl also encompasses a bicyclic heteroaryl.
An aryl or a heteroaryl 1n the context of the specification
additionally may be substituted by one or more alkyl groups.

[0049] An alkylheteroaryl 1in the context of the present
specification relates to an alkyl group substituted by a
heteroaryl moiety.

[0050] As used herein, the term pharmaceutical composi-
tion refers to a compound of the invention, or a pharmaceu-
tically acceptable salt thereof, together with at least one
pharmaceutically acceptable carrier. In certain embodi-
ments, the pharmaceutical composition according to the
invention 1s provided 1n a form suitable for topical, paren-
teral or 1njectable administration.

[0051] As used herein, the term pharmaceutically accept-
able carrier includes any solvents, dispersion media, coat-
ings, surfactants, antioxidants, preservatives (for example,
antibacterial agents, antifungal agents), 1sotonic agents,
absorption delaying agents, salts, preservatives, drugs, drug
stabilizers, binders, excipients, disintegration agents, lubri-
cants, sweetening agents, flavoring agents, dyes, and the like
and combinations thereof, as would be known to those
skilled 1n the art (see, for example, Remington: the Science

and Practice of Pharmacy, ISBN 0857110624)
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[0052] As used herein, the term treating or treatment of
any disease or disorder (e.g. cancer) refers 1 one embodi-
ment, to ameliorating the disease or disorder (e.g. slowing or
arresting or reducing the development of the disease or at
least one of the clinical symptoms thereof). In another
embodiment “treating’”’ or “treatment” refers to alleviating or
ameliorating at least one physical parameter including those
which may not be discernible by the patient. In yet another
embodiment, “treating” or “treatment” refers to modulating
the disease or disorder, either physically, (e.g., stabilization
of a discernible symptom), physiologically, (e.g., stabiliza-
tion of a physical parameter), or both. Methods for assessing
treatment and/or prevention of disease

PROTAC Compound

[0053] A first aspect of the mvention relates to a com-
pound of the general formula (A)

wherein
NR>1R>3? is selected from

10054]
[0055]

-
“Fm%mjm

each R” is independently selected from the group com-
prising F, Cl, CF,, CHF,, CH,F;
[0056] n 1s an integer selected from 0, 1, 2, 3, and 4;

[0057] Handle 1s a connecting moiety comprising or
essentially consisting of 3 to 10 atoms of atomic
mass (C, N, O, S);
[0058] Linker is a linker moiety comprising or essen-
tially consisting of 3 to 50 atoms of atomic massz=12;
[0059] E3 ligase binder 1s a moiety specifically bind-
ing to an E3 ligase.
[0060] In certain embodiments, each R* is F. In certain
embodiments, n 1s an integer selected from 0, 1, and 2. In
certain embodiments, n 1s 2. In certain embodiments, Handle
1s a connecting moiety comprising or essentially consisting
of 4 to 8 atoms of atomic mass=12. In certain embodiments,
Linker 1s a linker moiety comprising or essentially consist-
ing ol 4 to 30 atoms of atomic mass=12. In certain embodi-
ments, Linker 1s a linker moiety comprising or essentially
consisting of 5 to 20 atoms of atomic mass=12.
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E3 Ligase Binder

[0061]
cally binds an E3 ligase. In certain embodiments, the E3
ligase 1s cereblon (UniProt-1D: Q96SW2).

[0062] In certain embodiments, the E3 ligase binder 1s of
the formula (B)

An E3 ligase binder 1s a molecule which specifi-

(B)

. O O
k H
Z /M/< N
S >=o
\/\Oé
(A)

E3 ligase binder

[0063] wherein
[0064] Ox 1s CH, or C=—0;
[0065] T is selected from the group comprising F, Cl;
[0066] Kk 1s an integer selected from the group com-

prising O, 1, 2;
[0067] NN\ designates the bond to the Linker.

[0068] In certain embodiments, k 1s an integer selected
from the group comprising O, 1. In certain embodiments, k
1s 0. In certain embodiments, T 1s F.

Handle

[0069] In certain embodiments, Handle 1s a connecting
moiety comprising or essentially consisting of 3 to 10 atoms
of atomic mass (C, N, O, S). In certain embodiments, Handle
1s a connecting moiety comprising or essentially consisting
of 4 to 8 atoms of atomic mass=12.

[0070] In certain embodiments, the Handle comprises or
essentially comsists of 1, 2, 3, or 4 chemical moieties
selected from the group comprising alkyl, amine, phenyl,
and carbonyl.

[0071] In certain embodiments, the Handle 1s selected
from the group comprising the following formulas:

N, Mid N
1
~ ~
Linker

(C)
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-continued

O
H .
k N\/ Mie
Linker,

N"""'N

S Pe,

(D)

(E)

Linker

[0072] wherein

[0073] Mid 1s selected from the group comprising
C,-C; alkyl, and phenyl.

[0074] In certain embodiments, the Handle 1s selected
from the group comprising the following formulas:

§\/\/%
}l: }iLinker
o
/LL'T{ SN
O

sl ><

N"""
ST

(F)

(G)

Linker

(H)

()

[.inker

[0075] In certain embodiments, Linker 1s a linker moiety
comprising or essentially consisting of 3 to 350 atoms of
atomic mass (C, N, O, S). In certain embodiments, Linker 1s
a linker moiety comprising or essentially consisting of 4 to
30 atoms of atomic massz12. In certain embodiments,
Linker 1s a linker moiety comprising or essentially consist-
ing of 5 to 20 atoms of atomic mass=12.

[0076] In certain embodiments, the Linker comprises or
essentially consists ol 1, 2, 3, 4, 5, 6, or 7 chemical moieties
independently selected from the group comprising alkyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl, alkylene,
alkylyne, ethylene glycol, carbonyl, ether, ester, amine,
amide, sulfonamide, wherein the chemical moieties are each
independently unsubstituted or substituted with C, -C; alkyl,
halogen, CN, NO,, hydroxyl, amine, sulfate, phosphate,
and/or carboxyl.
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[0077] In certain embodiments, the Linker comprises or
essentially comsists of 1, 2, 3, or 4 chemical moieties
selected from the group comprising alkyl, ethylene glycol,
carbonyl, piperazine, aryl, amine, triazole.

[0078] In certain embodiments, the Linker 1s selected from
the group comprising the following formulas:

(K)
}Hj ligase binder
Handle
(L)
% }113 ligase binder
Handle Lm
(M)
O
Handle

LiH/\N/\
\\/N
E3 ligase binder

(N)
7/771{3 ligase binder
Han;ll-:.{\

[0079] wherein

[0080] Lin 1s selected from the group comprising
C;-C,, alkyl, C,-C,, alkyl-tnnazole, oligo(ethylene
glycol).

[0081] In certain embodiments, the Linker 1s selected from
the group comprising the following formulas:

(O)
O
H
/\’l/ N
Handle O » E3 ligase binder
(P)
O
:,7;777]?3 ligase binder
Handle 7 N
(Q)
H . .
N E3 ligase binder
Handle \ﬁﬂ(\g
(R)
O

E3 ligase binder
Handle

; N/\ /

N N
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6
_continued [0082] wherein
(S) [0083] p 1s selected from 2, 3, 4, 3;
[0084] q 1s selected from 7, 8, 9, 10, 11, 12, 13;
L3 ligase binder [0085] r 1s selected from 11, 12, 13, 14, 15, 16, 17;
[0086] s 1s selected from 7, 8, 9, 10, 11, 12, 13;

N [0087] t 1s selected from 3, 4, 5, 6, 7, 8, 9;
[0088] u 1s selected from 7, 8, 9, 10, 11, 12, 13.

Handle :N ; [0089] In certain embodiments, the Linker is a peptide. In
I NN certain embodiments, the Linker 1s a peptide consisting of
proteinogenic amino acids.
O

\
N Combination of Features

[0090] In certain embodiments,
(1) [0091] the E3 ligase binder 1s of the formula (B); and

E3 ligase binder [0092] the Handle 1s of formula (F), (G), (H), or (J); and
g N [0093] the Linker 1s of formula (O); (P); (Q); (R); (S);
Handle H or (T)

[0094] In certain embodiments, the compound comprises
the following definitions of the Handle, Linker and E3 ligase
binder (one row 1s one combination):

Handle Linker E3 ligase binder

H H O O O
APV L N
/\‘]/ N / N
Linker  Tandle O » E3 ligase binder N 0O
(F) X /1
(O)
O

H H O O 0O
N\/\/ N H N
N E3 ligase binder / N
Linker . s N /x_/
andle \ N O
(F) N==y N /:
O

(R)
O O
H
N
XO:((N{):O
O

- - H
\/\/ E3 ligase binder N
Linker g N N O
Handle 18]

AN

O O
H
N

(P)
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-continued

Handle Linker E3 ligase binder

/LLHi >{Linker N /\‘/<N42_N>:O
(R) Haudle?in/v\ g J \/ \<
r }{I’X_/ \

(5)
O O
H
N
O
N O O O .
E3 ligase binder
J\f{mkﬂ Handle ©n N 0
AN
(H)
(P) \

O O
H
N
O
O O
SN H E3 ligase binder /( H
8| ‘ Linker N N
N < N Z
= Handle H ‘ N O
I \/\<
O

Q)

(G) AnAAAnAA

O O
H
N
O

N O O
N =~ \ E3 ligase binder /( H
N—-= Linker N
N . N Z
== Handle B ‘ N O
O

)
(T)
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-continued

Handle

Active Compound

[0095] A second aspect of the invention relates to a
compound of the general formula (I)

(D

[0096] An alternative of the second aspect of the invention
relates to a compound of the general formula (Ia)

(la)

[0097] An alternative of the second aspect of the invention
relates to a compound of the general formula (Ib)

(Ib)

X~ W
U
I\{ #\/N S
Rl'/ YV ‘
-~
R%/\ R
[0098] wherein
[0099] Z' and Z* are independently selected from N,
CH and CR?;
[0100] X 1s O or NH;
[0101] Y 1s CH,, C=0, or SO,;
[0102] R' is an unsubstituted or substituted moiety

selected from aryl, heteroaryl, cycloalkyl, and a
heterocycle, particularly R' is unsubstituted or sub-
stituted heteroaryl;

[0103] R-“ is selected from F, Me, Cl, OH, NH., Br,
CF;, CHF,, CH,F;

Linker

E3 ligase binder

O O
H
N
N O

O

[0104] n 15 an integer selected from 0, 1, 2, 3, and 4;
[0105] R° is a substituted alkylamine;
[0106] U and V are independently selected from

—CH,— and —(CH,),—, or one of U and V 1s
—CH,— and the other one 1s —(CH,);—

[0107] In certain embodiments, X 1s NH. In certain
embodiments, Y 1s C—0. In certain embodiments, n 1s an
integer selected from O, 1, and 2. In certain embodiments, U

and V are both —CH,— or are both —(CH,),—

[0108] In certain embodiments, the compound 1s of the
general formula (U)

(U)
‘/\N
R3l
™~ = _,
‘ NN NHR>
-~
N
n2 /"\“-/ N
NH
O

[0109] NR’'R>? is selected from

.
R Ra

R” is selected from the group comprising F, Cl, CF,,
CHF,, CH,F;

[0110]

[0111] R is selected from an alkyl, an alkylaryl, a

heteroalkylaryl, a cycloalkyl, an aryl, a heteroaryl
and a heterocycle.

n 1s an integer selected from 0, 1, 2, 3, and 4;

[0112] In certain embodiments, R* is F. In certain embodi-
ments, n 1s an integer selected from O, 1, and 2. In certain
embodiments, n is 2. In certain embodiments, R° is selected
from an alkyl, an alkylaryl, and a cycloalkyl. In certain
embodiments, R is selected from methyl and methylphenyl.
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Middle Ring System [0117] a secondary amine NHR”Y, wherein RV is
[0113] In certain embodiments, X is NH. In certain selected from a C,-C¢ alkyl, a C,-C4 cycloalkyl, an
embodiments, Y 1s C—0. aryl, and a heteroaryl, an alkylaryl, and an alkylhet-
[0114] In certain embodiments, the moiety eroaryl;

[0118] a halogen, particularly CI or F;
[0119] a C,-C alkyl, a C,-C, cycloalkyl, an aryl, and a

heteroaryl.
M [0120] In certain embodiments, R' is unsubstituted or
U substituted with a moiety selected from
I\{ [0121] a secondary amine NHR”, wherein R is
R17 TV selected from a C,-C, alkyl, a C,-C, cycloalkyl, an
aryl, and a heteroaryl;
-« selected from [0122] a halogen, particularly Cl or F.
[0123] In certain embodiments, the compound 1s of the
general formula (1)
vt y (II)
Nakd e e W
N 7 #\/ \(\
N
leN\/ : Rl"fN | \/

\N
K/ = -
, R , and [0124] wherein
[0125] 7', 77, X.Y,R* R>, U, V, and n have the same
TN, definitions as defined above;
[0126] each R* is independently selected from
[0127] a secondary amine substituted with an
alkyl, an alkylaryl, a heteroalkylaryl, a cycloalkyl,
qu an aryl, a heteroaryl and/or a heterocycle,
R! - [0128] a halogen;
[0129] and/or two R* together form an unsubstituted
[0115] In certain embodiments, the moiety or substituted heteroaryl or heterocycle;

[0130] m 1s an integer selected from O, 1, 2, and 3.
[0131] In certain embodiments, the compound 1s of the

general formula (111)
U
/ (1)
N N ) /,,YW

is selected from n6 N #\/ \(‘\/l\

Rl/"N\/ | Rl-"N | [0132] wherein
[0133] 7', 7%, X, Y, R R>, U, V, and n have the same
definitions as defined above;

Moiety R’ [0134] R’ is selected from an alkyl, an alkylaryl, a
[0116] In certain embodiments, R' is unsubstituted or heteroalkylaryl, a cycloalkyl, an aryl, a heteroaryl and
substituted heteroaryl. In certain embodiments, R' is unsub- a heterocycle;

stituted or substituted with a moiety selected from [0135] R° is selected from halogen and hydrogen.
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[0136] In certain embodiments, the compound is of the
general formula (IV)

(IV)

wherein

[0137]

[0138] 7', 7% X, Y, R% R’ U, V, and n have the same
definitions as defined above;

[0139] R° is selected from halogen and hydrogen;
[0140] W 1s selected from N and CH.
[0141] In certain embodiments, at least one of Z' and 7~

is CH or CR”. In certain embodiments, both Z' and Z~ are
CH or CR".

Moiety R”

[0142] In certain embodiments, R? is substituted with one
or several moieties selected independently from alkyl-,
hydroxy-, amino-, amine-, halogen-, cycloalkyl-, and het-
erocycle-moieties

[0143]

[0144] In certain embodiments, R> is

[0145] wherein

[0146] s 1s an integer selected from 1 and 2, more
particularly s 1s 1;

[0147] R°' and R’? together form a heterocycle or
heterobicycle, which 1s unsubstituted or alkyl—,
halogen—, and/or hydroxyl-substituted, or

[0148] R’' and R’? are independently selected from
hydrogen and unsubstituted or hydroxy—, and/or
halogen-substituted alkyl or cycloalkyl.

[0149] In certain embodiments, R>' and/or R** are unsub-
stituted or substituted with alkyl-, hydroxy-, halogen-,
cycloalkyl-, heterocycle- and/or -groups. In certain embodi-
ments, R°' and/or R** are independently selected from H
and unsubstituted or hydroxy—, and/or halogen-substituted
alkyl and cycloalkyl. In certain embodiments, R and R**
together form a heterocycle or heterobicycle, which 1s
unsubstituted or alkyl—, hydroxy—, and/or halogen-substi-
tuted.

10

. HO
In certain embodiments, R is substituted C,-C, HO
alkylamine. In certain embodiments, R> is substituted C,-C, ™~
alkylamine.
N N
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[0150] In certain embodiments, NR>'R>* is selected from

with v being an integer selected from 0, 1 and 2 and each R”
being independently selected from hydroxyl, halogen, and
C,-C, alkyl, or two R” form a C,-C, cycloalk
[0151] In certain embodlments —NR3 'R°

I -

1s selected

2 8-

[0152] In certain embodiments, NR’'R>“ is selected from

pQ

-

/
\
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[0153] In certain embodiments, NR*>'R>* is

X

N

In certain embodiments, NR*'R>“ is

¢

In certain embodiments, NR>'R>* is

e

In certain embodiments, NR>'R>“ is

N‘
Moiety R’

[0155] In certain embodiments, n 1s an integer selected
from O, 1, and 2. In certain embodiments, n 1s 2. In certain
embodiments, R is selected from F, Cl and OH. In certain
embodiments, R* is F. R* can be bound to any of the carbon
atoms of the aryl-or heteroaryl-ring. Thus, 1t can also be
bound to Z* or Z~ if they are carbon atoms.

Moiety R’

[0156] In certain embodiments, R> is selected from an
alkyl, an alkylaryl, and a cycloalkyl. In certain embodi-
ments, R> is selected from methyl and methylphenyl.

[0154]

Use of the Compound

[0157] A third aspect of the invention relates to a com-
pound according to the first or second aspect for use as a
medicament.

11
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[0158] A fourth aspect of the invention relates to a com-
pound according to the first or second aspect for use in
treatment of cancer.

[0159] In certain embodiments, the cancer 1s selected from
the group comprising renal cancer, breast cancer, acute
myeloid leukemia, hepatocellular carcinoma, and Ilung
adenocarcinoma.

[0160] Similarly, within the scope of the present invention
1s a method or treating cancer 1n a patient 1n need thereof,
comprising administering to the patient a compound accord-
ing to the above description.

[0161] Similarly, a dosage form for the prevention or
treatment of cancer 1s provided, comprising a non-agonist
ligand or antisense molecule according to any of the above
aspects or embodiments of the mvention.

[0162] The skilled person 1s aware that any specifically
mentioned drug may be present as a pharmaceutically
acceptable salt of said drug. Pharmaceutically acceptable
salts comprise the ionized drug and an oppositely charged
counterion. Non-limiting examples of pharmaceutically
acceptable anionic salt forms include acetate, benzoate,
besylate, bitatrate, bromide, carbonate, chloride, citrate,
cdetate, edisylate, embonate, estolate, fumarate, gluceptate,
gluconate, hydrobromide, hydrochloride, i1odide, lactate,
lactobionate, malate, maleate, mandelate, mesylate, methyl
bromide, methyl sulfate, mucate, napsylate, nitrate, pamo-
ate, phosphate, diphosphate, salicylate, disalicylate, stearate,
succinate, sulfate, tartrate, tosylate, tricthiodide and valerate.
Non-limiting examples of pharmaceutically acceptable cat-
ionic salt forms include aluminium, benzathine, calcium,
cthylene diamine, lysine, magnesium, meglumine, potas-
sium, procaine, sodium, tromethamine and zinc.

[0163] Dosage forms may be for enteral administration,
such as nasal, buccal, rectal, transdermal or oral adminis-
tration, or as an inhalation form or suppository. Alterna-
tively, parenteral administration may be used, such as sub-
cutancous, 1ntravenous, intrahepatic or 1ntramuscular
injection forms. Optionally, a pharmaceutically acceptable
carrier and/or excipient may be present.

Pharmaceutical Composition and Admimstration

[0164] Another aspect of the invention relates to a phar-
maceutical composition comprising a compound of the
present invention, or a pharmaceutically acceptable salt
thereol, and a pharmaceutically acceptable carrier. In further
embodiments, the composition comprises at least two phar-
maceutically acceptable carriers, such as those described
herein.

[0165] In certain embodiments of the invention, the com-
pound of the present invention 1s typically formulated into
pharmaceutical dosage forms to provide an easily control-
lable dosage of the drug and to give the patient an elegant
and easily handleable product.

[0166] The pharmaceutical composition can be formulated
for oral administration, parenteral administration, or rectal
administration. In addition, the pharmaceutical composi-
tions of the present invention can be made up 1n a solid form
(including without limitation capsules, tablets, pills, gran-
ules, powders or suppositories), or 1n a liquid form (1nclud-
ing without limitation solutions, suspensions or emulsions).

[0167] The dosage regimen for the compounds of the
present invention will vary depending upon known factors,
such as the pharmacodynamic characteristics of the particu-
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lar agent and 1ts mode and route of administration; the
species, age, sex, health, medical condition, and weight of
the recipient; the nature and extent of the symptoms; the
kind of concurrent treatment; the frequency of treatment; the
route of administration, the renal and hepatic function of the

patient, and the eflect desired. In certain embodiments, the
compounds of the mnvention may be administered 1n a single
daily dose, or the total daily dosage may be administered 1n

divided doses of two, three, or four times daily.

[0168]
position or combination of the present mnvention can be in

In certain embodiments, the pharmaceutical com-

unit dosage of about 1-1000 mg of active ingredient(s) for a
subject of about 50-70 kg. The therapeutically effective
dosage of a compound, the pharmaceutical composition, or

the combinations thereot, 1s dependent on the species of the

subject, the body weight, age and individual condition, the
disorder or disease or the severity thereof being treated. A

physician, clinician or veterinarian of ordinary skill can

readily determine the eflective amount of each of the active
ingredients necessary to prevent, treat or inhibit the progress
of the disorder or disease.

[0169]
invention can be subjected to conventional pharmaceutical

The pharmaceutical compositions of the present

operations such as sterilization and/or can contain conven-

tional 1nert diluents, lubricating agents, or bullering agents,
as well as adjuvants, such as preservatives, stabilizers,

wetting agents, emulsifiers and buflers, etc. They may be
produced by standard processes, for mstance by conven-
tional mixing, granulating, dissolving or lyophilizing pro-
cesses. Many such procedures and methods for preparing
pharmaceutical compositions are known 1n the art, see for
example L. Lachman et al. The Theory and Practice of

Industrial Pharmacy, 4th Ed, 2013 (ISBN 8123922892).

Method of Manutacture and Method of Treatment
According to the Invention

[0170] The invention further encompasses, as an addi-
tional aspect, the use of a compound as i1dentified herein, or
its pharmaceutically acceptable salt, as specified 1n detail
above, for use 1n a method of manufacture of a medicament
for the treatment or prevention of cancer.

[0171] Similarly, the invention encompasses methods of
treatment of a patient having been diagnosed with a disease
associated with cancer. This method entails administering to
the patient an effective amount of a compound as 1dentified
herein, or 1ts pharmaceutically acceptable salt, as specified
in detail herein.

[0172] Wherever alternatives for single separable features
such as, for example, a ligand type or medical indication, are
laid out herein as “embodiments”, it 1s to be understood that
such alternatives may be combined freely to form discrete
embodiments of the mnvention disclosed herein. Thus, any of
the alternative embodiments for a ligand type may be
combined with any medical indication mentioned herein.
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[0173] The application further encompasses the following
1items:
Items

[0174] 1. A compound of the general formula (I)

()

x” ““1
U
}{ #\/N\%\Zl
7 U |
I/
R2 R’

7' and 7Z° are independently selected from N, CH and
CR*:

[0175] X 1s O or NH, particularly X 1s NH;

[0176] Y 1s CH,, C=0, or SO,, particularly Y 1s
C:O;

[0177] R' is an unsubstituted or substituted moiety

selected from aryl, heteroaryl, cycloalkyl, and a
heterocycle, particularly R' is unsubstituted or sub-
stituted heteroaryl;

[0178] R” is selected from F, Me, Cl, OH, NH,,, Br,
CF;, CHF,, CH, F;

[0179] n 1s an integer selected from 0, 1, 2, 3, and 4,
particularly n 1s an mteger selected from 0, 1, and 2;

[0180]

[0181] U and V are independently selected from
—CH,— and —(CH,),—, or one of U and V 1s
—CH,— and the other one 1s —(CH,),—, particu-
larly U and V are both —CH,— or are both —(CH,,)

2

[0182]

[0183] R' is unsubstituted or substituted with a moi-
ety selected from
N

[0184] a secondary amine NHRY, wherein R" is
selected from a C,-C, alkyl, a C,-C, cycloalkyl,
an aryl, and a heteroaryl, an alkylaryl, and an
alkylheteroaryl;

[0185]

[0186] a C,-C; alkyl, a C,-C, cycloalkyl, an aryl,
and a heteroaryl.

R” is a substituted alkylamine;

2. The compound according to item 1, wherein

a halogen, particularly Cl or F; and

: ¢ compound according to any one ol the
[0187] 3. Th pound ding y f th
preceding 1tems, wherein

[0188] R° is substituted with one or several moieties
selected independently from alkyl—, hydroxy—,
amino—, amine—, halogen—, cycloalkyl—, and
heterocycle-moieties.

[0189] 4. The compound according to any one of the
preceding items, wherein R is C,-C, alkylamine, pat-
ticularly R” is C,-C, alkylamine.
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[0190] 3. The compound according to any one of the
preceding 1tems, wherein the compound i1s of the gen-
eral formula (II)

(1)

[0191] wherein

[0192] 7', 7° X,Y,R* R’ U, V, and n have the same
definitions as in item 1;

[0193] each R* is independently selected from

[0194] a secondary amine substituted with an
alkyl, an alkylaryl, a heteroalkylaryl, a cycloalkyl,
an aryl, a heteroaryl and/or a heterocycle, particu-
larly substituted with an alkyl, an alkylaryl, or a
cycloalkyl;

[0195] a halogen;

[0196] and/or two R* together form an unsubstituted
or substituted heteroaryl or heterocycle;

[0197] m i1s an integer selected from O, 1, 2, and 3.

[0198] 6. The compound according to any one of the
preceding items, wherein the compound 1s of the gen-
eral formula (111

(I11)

[0199] wherein

(0200] Z'.7°,X,Y,R* R°, U,V,andn have the same
definitions as 1n item 1;

[0201] R’ is selected from an alkyl, an alkylaryl, a
heteroalkylaryl, a cycloalkyl, an aryl, a heteroaryl
and a heterocycle, particularly R” is selected from an
alkyl, an alkylaryl, and a cycloalkyl;

[0202] R° is selected from halogen and hydrogen.
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[0203] /. The compound according to any one of the
P g Y
preceding 1tems 1 to 4, wherein the compound 1s of the
general formula (IV)

(IV)

[0204] wherein
(0205] 7', 7°,X,Y.R* R’ U,V,andn have the same
definitions as in item 1;
[0206] R° is selected from halogen and hydrogen;
[0207] W 1s selected from N and CH.

[0208] 8. The compound according to any one of the

preceding items, wherein at least one of Z" and Z~ is
CH or CR?, particularly both Z' and Z* are CH or CR".

[0209] 9. The compound according to any one of the
p g y
preceding items, wherein R is

[0210] wherein

[0211] 1s an integer selected from 1 and 2, more
particularly s 1s 1;

[0212] R°! and R°“ together form a heterocycle or

heterobicycle, which 1s unsubstituted or alkyl—,

halogen—, and/or hydroxyl-substituted, or R*>" and

R>* are independently selected from hydrogen and
unsubstituted or hydroxy—, and/or halogen-substi-
tuted alkyl or cycloalkyl, particularly R*>" and R>*
together form a heterocycle or heterobicycle, which
1s unsubstituted or alkyl—, halogen—, and/or
hydroxyl-substituted.

[0213] 10. The compound according to item 9, wherein
NR’'R* is selected from

N
<

o
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with v being an integer selected from 0, 1 and 2 and each R"
being independently selected from hydroxyl, halogen, and
C,-C, alkyl, or two R" form a C,-C, cycloalkyl.
[0214]
preceding items 9 to 10, wherein NR*'R”“ is selected

11. The compound according to any one of the

from
b
N N WAV AV aTaVaValy ¥
M‘\JJ.N‘U\J‘ d \nN\’I.P\Mf‘ H“Ild
[0215] 12. The compound according to any one of the

preceding items, wherein R” is selected from F, Cl and
OH, particularly R* is F.

[0216]
ing items for use as a medicament.

[0217]
ing items 1 to 12 for use 1n treatment of cancer.

[0218]
examples and figures, from which further embodiments and

13. A compound according to any of the preced-
14. A compound according to any of the preced-

The mvention 1s further 1llustrated by the following,

advantages can be drawn. These examples are meant to
illustrate the mvention but not to limit 1ts scope.

DESCRIPTION OF FIGURES

[0219] FIG. 1 shows A) Design of METTL3 inhibitor 2
from hit compound 1. The bonds formed are depicted 1n red.
The IC,, values refer to the biochemical assay based on time
resolved-Forster resonance energy transier (IR-FRET). B)
Superimposition of compounds 1 (grey, from X-ray with
METTL3, PDB code: 7NHI) and 2 (cyan, drawn 1n Pymol).
[0220] FIG. 2 shows design of compound 8 starting from

5, the newly formed bonds are depicted in red. A) Inhibitor

5 (cyan) in the METTL3 binding site with relevant residues
(carbon atoms 1n grey). The main intermolecular interac-
tions are displayed (yellow dashed lines, PDB code: 7008).
B) Superimposition of inhibitors 5 (cyan) and 7 (green, PDB
code: 7009). C). Superimposition of inhibitors 5 (cyan) and
8 (yellow, PDB code: 7OO0L), and interactions of the lactam
with the side chain amide of GInS50.

[0221]

atom of compound 20 with Pro397 amide m-system, PDB
code: 7029. B) Van der Waals contacts between the fluorine
atom of inhibitor 21 and the side chains of Ser511 and
Tyrd06, PDB code: 70O2E.

[0222]
(n=3) measured for compounds 1, 22 and SAH and chemical
structure of the lead compound 22. B) InCELL Pulse dose
response curve (n=3) in HEK293T cells at 46° C. C)

FIG. 3 shows A) Unusual interaction of the fluorine

FIG. 4 shows TR-FRET dose response curves
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Representative western blot image for CETSA at 54° C. 1n
MOLM-13 cells and the quantification curve. D) Dose

response curves of m6A/A reduction i polyadenylated

RNA fraction in MOLM-13 (n=5) and PC-3 (n=3) cell lines
measured by UPLC-MS/MS.

[0223] FIG. 5 shows thermal shift assay results. Shown are
the first denivative of the melting curves of METTL3/
METTL14 for inhibitor 22 or SAH.

[0224] FIG. 6 shows thermal shift assay results. Shown are
the first derivative of the melting curves of METTLI1 ifor
inhibitor 22 r SAH. Compound >does not shift the melting
temperature of METTL].

[0225] FIG. 7 Exemplary compounds.

[0226] FIG. 8 Exemplary substitution patterns for R.

EXAMPLES

General Procedure for Buchwald-Hartwig Coupling:

[0227]
equiv.) 1n dioxane (0.3 M), under a nitrogen atmosphere, the

To a stirred solution of the corresponding halide (1

corresponding amine (1 equiv.) was added. Nitrogen gas was
bubbled through the reaction for two minutes and Cs, CO,
(1.2 equiv), Ruphos Pd G4 (10 mol %) and Ruphos (10 mol
%) were added. The reaction mixture was stirred at 150° C.
for 17 h, concentrated under reduced pressure and the
obtained residue was purified by flash column chromatog-
raphy.

General Procedure for Boc Group Deprotection:

[0228] To a stirred solution of the corresponding Boc
protected amine 1n MeOH (0.3 M), HCI (0.9 M, 37% aq.)
was added. The reaction mixture was stirred at 25° C. for 4
h and the reaction mixture was concentrated under reduced
pressure. The obtained residue was directly engaged 1n the
next step without further purification.

General Procedure for S, Ar with 4,6-dichloropyrimidine:
[0229] To a stirred solution of the corresponding amine (1
¢q.) or amine hydrochlornde salt (1 equiv.) 1n 1PrOH (0.3 M),
4,6-dichloro-pyrimidine (1.2 equiv.) and Et;N (1-4 equiv.)

were added. The reaction mixture was stirred at 80° C. for
3 h in the microwave and concentrated under reduced
pressure. The crude residue was dissolved in nBuOH,
washed three times with water, once with brine, dried over

MgSO,, and concentrated under reduced pressure. The crude
residue was coevaporated with toluene several times to
remove the residual nBuOH and then purified by flash

column chromatography.

General Procedure for S, Ar with Chloropyrimidine Deriva-
tives:

[0230] The corresponding chloropyrimidine (1 eq.) was

dissolved in methylamine (0.1 M, 8 M 1 EtOH) or ben-
zylamine (0.3 M) and the reaction mixture was stirred at
130° C. for 3 h (MeNH,) or 140° C. for 8 h (BnNH,) in the

microwave. The crude residue was concentrated under

reduced pressure and purified by flash column chromatog-
raphy. For reactions with benzylamine, the crude residue
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was coevaporated with water then toluene several times to
remove the benzylamine before performing the purification.

Example 1

[0231]
the inventor’s early inhibitor (1, Table 1), with the aim to

The mventors” design started at the roots of one of

simplity the structure and reduce molecular weight (FIG.
1A). For this purpose, changing the methylene position from
1,3 to 1,4 on the piperidine ring removes the chiral center.
In addition, according to the X-ray structure of 1 with
METTL3, the amide C—0 group deletion would allow to
keep the original vector (FIG. 1B). These two modifications
led to 2 and 1ts two pyridine containing derivatives 3 and 4,

which exhibited not only similar potency compared to the

parent molecule (IC.,=5.0, 4.6, and 5.8 uM respectively,
Table 1), but also no chirality and a reduced heavy atom

count, hence higher ligand ethciency (LE=0.23, 0.23, and
0.22, respectively). Because 4 had better lipophilic ligand

elliciency (LLE=3.4, calculated with DataWarrior), its pyri-
dine core was conserved in the next optimization stage.
According to the crystal structure of the complex of

METTL3 with inhibitor 1, methylamine to benzylamine

replacement on the pyrimidine ring seemed beneficial to
inhibition. This proved to be true as the corresponding
derivative 5 showed a 6-fold increase 1in potency (1C,,=0.79

uM).

[0232]
linear shape coupled with sp” acyclic atom linkers that

One striking feature of this mhibitor series 1s their

makes them highly flexible. Rigidifying the structure is a
viable way to freeze a ligand 1n 1ts preferred conformation,
which 1n turn can enhance the binding energy by reducing
entropic penalties. Thus, the inventors envisioned two dii-
ferent strategies to achieve this goal: either making an amide
connection between the piperidine and the pyridine ring, or
according to compound 3’s conformation, a spirocycle could
be formed by connecting the tertiary alcohol with the aniline
(FIG. 2A). The two methods brought opposite results, the
amide derivative 6 lost the previous potency boost (IC.,_; «
uM, Table 1) while spirocycle 7 was promising both 1n terms
of mhibition (IC.,_, .. UM, Table 2) and novelty. The
inventors managed to soak both 5 and 7 with METTL3, and
the X-ray analysis showed a strong structural overlap. The
pyrimidine moiety 1s engaged in two hydrogen bonds with
NH backbone from Asn549 and Ile378 while mvolved in
Tr-stacking with Phe534 and & interactions with Asn549
side chain (FIG. 2A). The benzylamine group interacts with

Asp377 side chain and also forms a cation-r interaction with
Arg379. On the opposite site of the binding pocket, the gem
dimethyl group fills a lipophilic pocket formed by Lys313,
Pro514, Trp457 and Trp431 residues, whereas the charged
piperidine forms a salt-bridge with Asp395. The sole differ-

ence between 5 and 7 1s, for the latter, the missing hydrogen
bond between the tertiary alcohol and GIn5350 side chain due
to the alcohol transformation into an ether (FIG. 2B). The
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inventors envisaged that replacing the ether by a lactam
could restore this interaction and even make an additional

hydrogen bond thanks to the C—0O group of the ligand and
the NH, amide of GIn3550. The inventors obtained a strong
potency boost for the corresponding derivative 8 (IC<,_; 51~
uM), and the mventor’s hypothesis was confirmed by the
two hydrogen bond interactions found in the crystal struc-
ture (FI1G. 2C). Furthermore, both LE and LLE improved
substantially (0.25 and 4.4 respectively, Table 2).

[0233] ADME properties, such as solubility, cell perme-

ability, and metabolic stability are essential for chemical
probes, so they were considered early on in the project. The
inventor’s newly synthesized inhibitors (3, 7-8) displayed
mixed results; however, all of them displayed mediocre
stability towards enzymatic degradation with half-lives
lower than 12 minutes upon incubations with rat liver
microsomes (Tables 1, 2). Therefore, the inventors focused
on improving ADME properties while getting better bio-
chemical potency. The 1nitial approach was to substitute the
pyridine nitrogen atom by a carbon atom, yielding 9 with
moderate permeability (9-107° cm-s ~") and, surprisingly,

slightly increased solubility (Table 2). However, metabolic
stability remained unchanged, so the benzylamine was
replaced with methylamine (10). Indeed, solubility and

metabolic stability were significantly improved (108 uM and
107 min, respectively) as well as LE and LLE values (0.28
and 4.5, respectively), but at the expense of limited perme-
ability (2:107° cms™) and a 3.4-fold potency reduction.

From 10, two other possibilities of decreasing the size of the
inventor’s molecules were pursued: replacing spiropiperi-
dine with spiroazetidine (11) and spirolactam with spirourea
(12). Unfortunately, both displayed a substantial loss 1n
potency (5 and 20 fold, respectively). Yet, the spiroazetidine

moiety remains a potential alternative helping to reduce
molecular weight and to improve physicochemical proper-
ties at a later stage. Next, the inventor’s strategy was
oriented towards permeability improvement. Lactam meth-
ylation 1 compound 13 resulted 1n a serious decrease in
potency (19 fold), demonstrating the crucial role of the
lactam hydrogen bond interactions.

[0234] After thorough spiro scaflold optimization, the
inventors turned their attention to the pyrimidine motif.

Addition of one more methyl on the aniline (14) was highly
detrimental to binding compared to 10 (0.97 and 0.089 uM,
respectively, Table 3), probably due to loss of the hydrogen
bond to the side chain of Asp3’/77, while methyl to 1sopropyl

substitution (15) showed a less pronounced reduction as the

hydrogen bond 1s preserved (0.33 uM). These two modifi-
cations 1llustrated the limited space available for branched
spa carbons at this position. Surprisingly, substitution with a
cyclopropyl group (16) was not only well tolerated (0.084
uM), but 1t also improved the three ADME properties (Table
3) and could become a promising alternative for lead opti-
mization. S-Adenosyl methionine (SAM) 1s the natural

ligand of METTL3 that contains an adenosine scatiold
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overlapping with the pyrimidine group of the inventor’s
inhibitors, thus the inventors thought to test a few bicyclic
heteroaromatic modifications. The pyrrolopyrimydine 17
had a slight increase in potency in comparison to 10, but

similarly low permeability and a larger efflux ratio in the
Caco-2 assay (Table 3). The interaction geometry between
the N, pyrimidine atom and Asn349 nitrogen backbone
seemed not optimal, thus the mventors thought to remove
this pyrimidine nitrogen atom 1in order to improve perme-
ability and possibly to suppress a partial desolvation penalty.
The latter proved to be false since pyrrolopyridine 18
exhibited a severe binding loss (74 fold). Incorporation of a

chlorine atom between the two pyrimidine nitrogen atoms
(19) was beneficial for potency (0.024 uM);

[0235]
critically impaired (45 uM and 32 main, respectively), which

however, solubility and metabolic stability were

prompted the mventors to look for different modifications.

[0236]
moiety were already optimized, the inventors considered the

Because the spiro scaffold and the pyrimidine

phenyl ring as the next target region. Several publications
discuss the unique properties of fluorine atoms that can
translate 1nto unexpected and promising results 1n drug
design. Indeed, fluorine atoms are able to make unusual
interactions, and aromatic fluorine atoms tend to increase

permeability. A fluorine scan was performed on the phenyl

ring, affording two novel derivatives 20 and 21. Compared
to the inhibitor 10, both compounds improved binding to a
similar extent (0.038 and 0.032 uM, respectively); however,
permeability was considerably increased only for 20 (Table

4). An X-ray structures in complex with METTL3 were

solved for each molecule and revealed that the fluorine 1n 21
displays hydrophobic contacts (FIG. 3B), whereas the fluo-
rine atom ol 20 1s also engaged 1n an unusual interaction
with the nitrogen mt system of Pro397 (FIG. 3A). Inhibitor 20

was prelerable because of 1ts strong improvement in per-

meability and small efflux ratio (9-107° cm's™" and 2, respec-
tively), but the combination of both fluorine atoms quickly
emerged as the key solution to achieve excellent potency and

to keep adequate ADME properties. Indeed, compound 22
exhibited single digit nanomolar IC., (0.008 uM) 1n the
TR-FRET assay (Table 4 and FIG. 4A), high cell perme-
ability (12:107° cm-s™"), and favorable values of LE and
LLE (0.3 and 5.3, respectively), as well as acceptable
metabolic stability (t,,,=24 min).

[0237] To investigate the selectivity of compound 22
towards other RNA methyltransierases, the inventors con-

ducted protein thermal shift assay. The inventors expressed

and purified METTL]1 protein that 1s a writer of 7-methyl-
guanosine mark on tRNA, mRNA, and miRNAs and serves
as a representative closely related protein. The inventors
employed as positive control S-adenosyl-L-homocysteine
(SAH), a by-product of RNA methyltransierase catalytic
activity and a natural binder, which showed AT, of 2.8° C.
and 3.5° C. at 100 uM for METTL3/METTL14 and
METTL]1, respectively (FIGS. § and 6). Compound 22 at
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100 uM was able to shift the melting temperature of
METTL3/METTL14 by 4.7° C. compared to DMSO control

(FIGS. 5 and 6). On the contrary, no shift was observed for
METTL1 with compound 22 up to 100 uM indicating no
binding.

[0238] The enhanced thermal stabilization of METTL3 by

compound 22 allowed the inventors to study its cellular

target engagement 1n two orthogonal assays based on protein
thermal denaturation. The binding of 22 was evaluated in
InCELL Pulse assay where enhanced ProLabel® (ePL)
enzyme fragment fused to the N-terminus of the truncated
METTL3 (residues 354-580) was expressed in HEK293T
cells. After the incubation of these cells with inhibitor 22 for
1 h at 37° C., cells were heated at 46° C. for 3 min, and the

non-aggregated METTL3-ePL protein was quantified using

luminescence-based assay (FIG. 4B). Compound 22 stabi-
lized the METTL3-ePL fusion protein with an EC., of 2 uM
in HEK293T cells. Encouraged by these results, the inven-
tors also conducted CETSA assay in MOLM-13 cells on an
endogenously expressed full-length METTL3. Similarly to
InCELL Pulse assay, CETSA 1n MOLM-13 cells demon-
strated that 22 sigmificantly stabilized METTL3 1n a dose-
dependent manner at 54° C. with EC., of 0.97 uM as
determined by Western Blotting (FIG. 4C). Therelfore, both

experiments brought clear evidence of cell permeability and

cellular target engagement. Finally, to highlight the biologi-

cal potential of 22 as an inhibitor of METTL3 enzymatic
activity, the inventors measured m°A/A ratio in polyade-
nylated RNA 1n two distinct cancer cell lines, MOLM-13
(AML) and PC-3 (prostate cancer) cells after 16 hours of
compound treatment. The inventors found that 22 was able
to reduce this ratio down to 10-20% of DMSO-treated
control samples and with a certain degree of selectivity
between the two cell lines (EC._, ~ and 2.5 uM for MOLM -
13 and PC-3 respectively, FIG. 4D).

[0239]
factor of 1 000), efliciency parameters, and ADME proper-

The mnventors successiully improved potency (by a

ties of a series of METTL3 inhibitors by protein crystallog-

raphy-guided medicinal chemistry. The key features were

rigidification thanks to the design of spiro scaflolds and the

use of fluorine atoms at specific positions. The most potent
inhibitor (compound 22) shows an IC., of 8 nM 1 a

TR-FRET assay. No binding to the ofi-target METTL1 was
observed at concentrations of up to 100 uM. Cellular target

engagement of compound 22 was demonstrated using two
different assays. Furthermore, for the reduction of m°A/A in
polyadenylated RNA, as quantified by UPLC-MS/MS
analysis, EC,, values of 0.7 uM and 2.5 uM were measured
in MOLM-13 (leukemia) and PC-3 (prostate cancer) cell

lines. Thus, compound 22 1s a chemical probe to decipher
the functional role of METTL3/METTL14 and 1ts involve-
ment 1n hematological malignancies and solid tumors.
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TABLE 1

Early modifications of the original scaflold.

N° R X Y ICs,! MW~
1 O 8.2 466.63
OH
N
H
N
N N
N\{
NH
/
2 Me CH CH 5.0 438.62
3 Me N CH 4.6 439.61
4 Me CH N 5.8 439.61
5 Bn CH N 0.79 515.70

Nao

NH

N 3.6 513.69

\
Z

/

ITime resolved-Forster resonance energy transfer (IR-FRET) assay (uM).

2gﬁ’mﬂl.

3Ligand efficiency (l{cal.mul'l.heaw atom cc:-unt'l).
4Lip-::1philic ligand efficiency (plCsy-logP);

UM;

%10° cm.s7!, (efflux ratio), Caco-2 experiment;

Rat liver microsomes, ty» (mun).

LE?

0.21

0.23
0.23
0.22

0.22

0.20

L.LE*

2.5

2.5
3.2
3.4

2.8

1.7

Kinetic
solu-

bility’

78
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2EE

A-B

(Efflux)® RLM’

R (5) 5
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TABLE 2

Derivatization from the spiro scaffold.

Kinetic Py an
N° R X Y Z IC," MW? LE® LLE* solubility’ (Efflux)® RLM’
7 Bn O CH, N 0.28 541.74 0.22 2.8 61 15 (0.6) 12
8 Bn NH C—0 N 0.037 55474 0.25 4.4 44 2 (17) 8
9 Bn NH C—0 CH 0.026  553.75 0.25 3.6 69 9 (3) 9
10 Me NH C—0 CH 0.089  477.65 0.28 4.5 108 2 (9) 107
11 O 0.44 449.60 0.26 4.5 86 — 70
HN
N
N N A
N
‘ P N
N\{
NH
/
12 1.8 463.63 0.23 2.6 — — —
O
HN/< .
N
N N

13 Me NMe C=0 CH 1.5 491.68 0.22 3.0 — - —
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TABLE 3
O
HN
(\/N
G R N
Optimization of the amimopyrimidine ring.
Compound Kinetic P, 45
n°® R ICs,t MW2? LE® LLE* solubility’ (Efflux)® RLM’
14 0.97 491.68 0.23 3.2 — _ _
N
[
N\{
N
7NN
15 0.33 50571 0.24 3.2 — _ _
N
[
N Z
\rNH
16 0.084 503.69 0.26 4.0 111 4 (7) 118
N
X
/

17 0.061 487.65 0.27 43 73 2 (14) 93
N
(>
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TABLE 3-continued

O
HN
(\/N AN

--------
llllllll
lllll
-k

Optimization of the aminopyrimidine ring.

Compound Kinetic P,,, 45

n° R ICs, MW< LE’ LLE* solubility’ (Efflux)® RLM’
1% 4.5 486,66 0.20 2.3 — — —
B
NY/
HN /
19 0.024 522.09  0.28 3.9 45 — 32
Cl N
\( x™
N /
HN /
TABLE 4
O
HN
N N
K \‘ L
NY
NH
e
Fluorine scan on the phenyl ring.
Compound Kinetic Py an
n° X Y ICsq! MW LE? LLE* solubility>  (Efflux)®*  RLM’
20 F H 0.038 495,64 0.28 4.8 72 9 (2) 63
21 H F 0.032 495,64 0.29 4.8 92 3 (8) 46
22 F F 0.008  513.64 0.30 5.3 54 12 (2) 24
-continued
Scheme 1 NI,
0 NO
e

XOTN o XOTN
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-continued
O
HN)‘\O AN
| o
NH, / .
OTN
O
O

N o N X

NH

Synthesis route to the spirocycle intermediate (33). Reagents and conditions: (a) MeNO»,
NHj3, MeOH, 25° C., 17 h; (b) (1) CbzCl, NaHCO3;, DCM/H,0, 0-25° C., 17 h; (11)
NiCl,«6H>0O, NaBH,, MeOH, N>, 0-25° C., 1 h, 32 % over three steps; (¢) ethyl 2-
bromoacetate, Et3N, DCM, 25° C., 2 h; (d) Pd/C, NH,»HCOO", iPrOH, 80° C., 4 h, 55

% over two steps.

Scheme 2

N,
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-continued

O N b)
>r T ~_" N .
O
35X =NH,Y=C=0, Z=CH
45: X =NMe, Y =C=0, Z=CH
Y
d)
—
HN
\/ N
36 X=NH, Y=C=0, /2 =CH
7,17,18,19
N €)
W x -
N F
Cl
34: X=NH,Y=C=0,7Z=N
37:. X=NH,Y=C=0, Z=CH
46: X =NMe, Y = C=0, 2 =CH

8.9.10, 13,14, 15, 16

Synthesis route to compounds 7-10 and 15-17, 19. Reagents and conditions: (a) 23 or 26,
tert-butyl 1-oxa-4.9-diazaspiro| 3.5 Jundecane-9-carboxylate (for 7) or 33, Pd Ruphos (G4,
Ruphos, Cs>,CO3, dioxane, N>, 150 C., 17 h, 93 % (35);; (b) (1) HCI1 (37 % aq.), MeOH,
25° C., 4 h; (11) For 7: N-benzyl-6-chloropyrimidin-4-amine (29), Et3N, 1PrOH, 150° C.,
8 h, MW, 6 % over three steps from 23. For 17: 4-chloro-7H-pyrrolo|2,3-d|pyrimidine,
36, Pd Ruphos G4, Ruphos, LIHMDS, THE, N», 65° C., 4 h, 36 %. For 19: 36, 2.4-
dichloro-7H-pyrrolo[2,3-d]pyrimidine, Et3N, 1PrOH, 100-130° C., 6 h, 42 %, (¢) HCI (37
% aq.), MeOH, 25° C., 4 h, 36 % over two steps from 23; (d) 4,6-dichloro-pyrimidine,
Et;N, 1PrOH, 807 C., 3 h, MW, 27 % over three steps from 26 (34) /63 % (37); (e) For &8
and 9: BnNH,, 140° C., 8 h, MW, 25 % (8) / 5 % over two steps from 36 (9). For 10 :
MeNH,, EtOH, 130° C., 3 h, MW, 3 % over two steps from 36. For 15: 1PrNH,, EtOH,
130° C., 8 h, MW, 52 %. For 16: cyclopropylanmune, 1PrOH, 130° C., 6 h, MW, 25 %.

Scheme 3

OH

NO; p
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-continued
Scheme 4

NO,

)

Br\

<
(

O
23

/
O\H/N 9,
NI,
NO,
0 N J

T 0
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O
HN
38 _,....b)
N
O N
Y X
O
O
HNJJ\O/\ ‘ N
NH
2 / ﬂ)
O
O
39
HN
N )
N N —
[ A
0 |
N F
TN O/\ /\
Cl
f)
A > 11
5 \/
O N
Synthesis route to compound 11. Reagents and conditions: (a) 40, Pd Ruphos (G4,
HN /‘\ Ruphos, Cs>,CO3, dioxane, N>, 150° C., 17 h; (b) (1) HCI (37 % aq.), MeOH, 25° C., 4
O O h; {11) 4,6-dichloro-pyrimidine, Et3N, 1PrOH, 80° C., 7 h, MW: {¢) MeNH,, EtOH,
130° C., 3h, MW, 19 % over four steps.
O
HN
NH
XOT N
O
Scheme 5
40
2 2
Synthesis route to intermediate 40. Reagents and conditions: (a) MeNO,, K>COs, Br R Br R
EtOH, 25° C., 17 h; (b) DAST, DCM, N», -78° C., 3 h; (¢) NH3, MeOH, 25° C., 2 h, or a)
quantitative over three steps; (d) (1) CbzCl, NaHCO3, DCM/H>0, 0-25° C., 17 h; (11) O Ry

NiCl,*6H>0, NaBH,, MeOH, N>, 0-25° C., 1 h, 54 % over two steps; (e) ethyl 2- Rl R!
bromoacetate, EzN, DCM, 25° C., 2 h; (f) Pd/C, NH4+HCOO", iPrOH, 80° C., 4 h, 32
% over two steps. O
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-continued -continued
O
HN
Br fff\“a RZ 2
Ny X N R
b) d)
— N N —_— -
AN [ 0
nl N N T\‘T R!
/
47:R'=F,R’=H
49: R =H,RZ?=F Cl
52:R'=R’=F
48:R'=TF, R?=H
SERI=H,R*=F
20, 21, 22
O . .
General synthetic route for compounds 20-22. Reagents and conditions: (a) For 47 and
49: 1-bromo-4-(bromomethyl)-2-fluorobenzene (47) or 4-bromo-1-(bromomethyl)-2-
HN fluorobenzene (49), 4.4-dimethylpiperidine hydrochloride, K>,CO3, DME, 25° C., 17 h,
7 c) 98 % (47) /99 % (49). For 32: (1) 4-bromo-2,5-difluorobenzoic acid, BHz*SMe,, THE,
N R — )
N>, 25°C., 17 h, 83 % ° C.; (11) SOCl,, DMFE, DCM, 25° C., 3 h; (111) 4.4-
O N dimethylpiperidine hydrochloride, K5CO5, DME, 25 C, 17 h, 92 %, (b) 33, Pd Ruphos
\l'r 1 N G4, Ruphos, Cs>,COs3, dioxane, N>, 150° C., 17 h, 83 % (50); (c) (1) HCI (37 % aq.),
0 R MeQOH, 25° C., 4 h; (11) 4,6-dichloropyrimidine, Et3N, iPrOH, 80° C., 3 h, MW 15 %
over three steps from 47 (48) / 38 % over two steps from 30 (51); (d) MeNH>, EtOH,
50: RI=H,R?=F 130°C., 3h, MW, 47 % (20) / 69 % (21) / 56 % over four steps from 52 (22).
Scheme 6
O O
H
A N
‘ N O
/ a
i O .
N \ Tﬁfﬁﬁ\ﬁﬁfthﬂff H\r::
[::i:] ’
N
O
O A
| : ‘
N =
- O I f/ﬁ\\N_ X
N
N
~ O
| -+ ~
G N i
N
N =
V. |
g I
N N
S R
-~
N
HO R

X=CLF
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-continued

4o ——w» +
/
(3 eq) N
= |
I_R211
X
fR
R
I \
H04| Formula O, R, S
| -
O
c)
—_—
N O
O
NH
O
N - N
| 2
/\ / /\/\ /(F-::nrmula. O, R, S |
q N N N /
0O N H H 0O
N O
N/ O
NH
/
AL R
Tl
\ O
R
I‘qf"
R

(a) Sodium ascorbate (1.1 eq), CuSO4 (0.24 eq), THF, 40° C., 24 h; (ii) TFA (10 eq), DCM, 1t, 8 h; (b) (i) TEA (3 eq), EtOH, reflux, 24 h; (ii) 38% HCI, MeOH, 24 h; (c) HATU (1.1
eq), DIPEA (5 eq), DMF, 1t, 5 h.
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Scheme 7
@
H /\N)\)'\X
/N
d
\N/ + H;;N/\/\N} 30oc —)l-
(3 eq)
= |
I_R2H
\/
R
\I‘\T’#
R
A
X=CLF
R

H H
O N\) / O
. o .
N O
N /
P v
:_ R211
\[ O
R
T/’
R
A
R
N N
)‘\/l\ /(Fmrmula PJ—I \
o /\ N S N /\/\ N | -
0 N H H 0O
T N O
N e
NH
/
:_ Rzll
\ O
R
N.#""
|
R
A

(d) (i) TEA (3 eq), FtOH, reflux, 24 h; (ii) 38% HCI, MeOH, 24 h; (¢) HATU (1.1 eq), DIPEA (5 eq), DMF, 1t, 5 h.
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Scheme 8
| _
PN )\2\ /\NJ\)\N/\
O E 1 h OTﬁ ! %
\[N/ ) - N/
= 7 |
I_R211 |_]5{2]:1
o | N
R
N/,R N.r*'
R R
X=ClF
| X
N3 A[Fﬂrmula T]—l
/ O
g)
N O
O
NH
O
R

N
= |
|_ R211
X
R
Tx
R

(f) (1) Propargylamine (3 eq), TEA (3 eq), EtOH, reflux, 5 h; (g) Sodium ascorbate (1.1 eq), CuSO4 (0.24 eq), THE, 40° C., 24 h.
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Scheme 9
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(i) (i) TEA (3 eq), EtOH, reflux © C., 24 h; (ii) TFA (10 eq), DCM, rt, 12 h; (k) HATU (1.1 eq), DIPEA (5 eq), DMF, rt, § h.
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Scheme 11
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(I) Sodium ascorbate (1.1 eq), CuSOy (0.24 eq), THF, 40° C., 24 h; (ii) TFA (10 eq), DCM, 1t, 8 h (m) HATU (1.1 eq), DIPEA (5 eq), DMF, rt, § h.
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Scheme 12

O O
H
\ N
-
A
n)
O L X
N

0
\E/ X =Rr, |
e SN
PN w PPN
AN N N NN
N >=O O N\) H
P T
N ) ¥ -
| = I
\N/ |—R211
A
1 N"/R
0O 0O &
N Xy

OT§ O
N/
1
= N""'N\\
:_Rgll N
\) S
R
\Tx’
R

NH

(n) DIPEA, (3 eq), DMSO, 80° C., 24 h; (o) TFA (10 eq), DCM, rt, 8 h b) HATU (1.1 eq), DIPEA (5 eq), DMF, 1t, § h.
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tert-Butyl 4-(aminomethyl)-4-(((benzyloxy)carbonyl)
amino )piperidine-1-carboxylate (32):

N

HN O

r\/NHE

N
Bmc/ \/

[0241] To a stirred solution of MeNO, (1.3 equiv. 130
mmol, 7 mL) in NH; (33 mL, 7 N 1n MeOH), tert-butyl
4-oxopiperidine-1-carboxylate (20 g, 100 mmol) was added

portionwise. The reaction mixture was stirred at 25° C. for
1’7 h and concentrated under reduced pressure. The crude
residue was diluted with DCM and water. The two phases
were separated and the aqueous layer was extracted two
times with DCM. The combined organic layers were dried
over MgSQO,, filtered and concentrated under reduced pres-
sure to afford the desired product, which was engaged in the
next step without further purification.

[0242] To a stirred solution of the corresponding amine
(100 mmol) 1 dichloromethane (130 mL), a solution of K,

CO; (2 equiv., 200 mmol, 27.6 g) 1n water (130 mL) was
added. The reaction mixture was cooled to 0° C. and CBz(Cl

(1.1 equiv., 110 mmol, 15.6 mL) was added dropwise. The
reaction mixture was stirred at 25° C. for 17 h and the two
phases were separated. The aqueous layer was extracted two
times with DCM. The combined organic layers were washed

once with brine, dried over MgSQO,, filtered and concen-

trated reduced pressure to afford the desired product, which
was engaged 1n the next step without further punfication.

[0243] To a stirred solution of the corresponding nitroal-

kane (100 mmol) 1n dry MeOH (450 mL), under a nitrogen
atmosphere, at 0° C., N1Cl,-6 H,O (1 equiv., 100 mmol, 27.3
g) was added, followed by NaBH, (5 equiv., 500 mmol, 18.9
g) portionwise to avoid strong H, evolution. Caution when

adding NaBH_,, the reaction 1s highly exothermic and pro-
duce hydrogen gas. The reaction mixture was stirred at 25°
C. for 1 h and quenched by adding saturated aqueous
NaHCO, solution. The mixture was filtered through a pad of
Celite, the filtrate was concentrated under reduced pressure

and the obtained residue was diluted with water. The aque-
ous layer was extracted three times with DCM and the
combined organic layers were washed once with brine, dried
over MgSQO,, filtered and concentrated under reduced pres-

sure. The crude residue was purified by flash column chro-

matography (DCM/MeOH/NH,OH=100:0:0 to 100:3:0 to
100:3:1 to 100:5:1 to 100:10:1 to 100:15:1) to afford the
desired product as a white solid (11.7 g, 32 yield over three
steps). LRMS (ESI) m/z caled for [C,,H;,N,O,]": 364.2
found: 364.3




US 2024/0139189 Al

tert-Butyl 2-oxo0-1,4,9-triazaspiro[5.5undecane-9-carboxy-
late (33):

Y
O

[0244] To a stirred solution of tert-butyl 4-(aminomethyl)-
4-(((benzyloxy)carbonyl)amino)piperidine-1-carboxylate
(14.5 g, 40 mmol) in DCM (133 mL) at 0° C., Et,;N (0.8
equiv., 32 mmol, 4.4 mL) and ethyl 2-bromoacetate (0.7
equiv., 28 mmol, 3.1 mL) were added. The reaction mixture
was stirred at 25° C. for 2 h and diluted with saturated
aqueous NaHCO, solution. The aqueous layer was extracted
three times with EtOAc and the combined organic layers
were washed once with brine, dried over MgSQO,, filtered
and concentrated under reduced pressure, to aflord the

impure desired product, which was engaged 1n the next step
without further purification.

[0245] To a stirred solution of the corresponding Cbz
protected amine (40 mmol) 1n 1PrOH (400 mL), Pd/C (5 mol
2 mmol, 2.1 g, 10% wt) and ammonium formate (6 equiv.,
240 mmol, 15 g) were added portionwise. The reaction
mixture was stirred at 80° C. for 4 h, cooled to 25° C.,
filtered through a pad of celite and concentrated under
reduced pressure. The obtained residue was dissolved in
DCM, the organic layer was washed once with water, once
with brine, dried over MgSO,, filtered and concentrated
under reduced pressure. The crude residue was purified by
flash column chromatography (DCM/MeOH=100:5 to 100:8
to 100:10 to 100:15) to afford the desired product as a white
solid (4.14 g, 55% vyield over two steps). LRMS (ESI) m/z
calcd for C, H.-NO]"=[2 M+H]": 3539.4 found: 35394

N-Benzyl-6-(4-(6-((4,4-dimethylpiperidin-1-yl)methyl)
pyridin-3-yl)-1-oxa-4,9-diazaspiro[ 3.5 Jundecan-9-ylpy-
rimidin-4-amine (7):

N \N
N N ‘
(/ ‘ / N
N
NH
[0246] The corresponding Boc protected amine was

obtained following the general procedure for Buchwald-
Hartwig coupling (chromatography: EtOAc/heptane=7:3 to

32
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9:1 to EtOAc/MeOH=100:0 to 100:1 to 100:5). The impure
desired product was engaged 1n the next step without further
purification.

[0247] The corresponding amine was obtained following
the general procedure for Boc group deprotection. After
evaporation, the crude residue was triturated in acetone and
the resulting precipitate was filtered, washed with acetone
and dried to aflord the impure desired product, which was
engaged 1n the next step without further purification. To a
stirred solution of the corresponding amine (1 equiv.) 1n
1IPrOH (0.3 M), 29 (1.5 equiv.) and Et ;N (4 equiv.) were
added. The reaction mixture was stirred at 150° C. for 8 h 1n
the microwave and concentrated under reduced pressure.
The reaction was diluted with water and the aqueous layer
was extracted three times with DCM. The combined organic
layers were washed five times with water, once with brine,
dried over MgSQO,, filtered and concentrated under reduced
pressure. The crude residue was purified by flash column

chromatography (DCM/MeOH=100:5 to 100:8 to 100:10 to
100:13 to 100:20) to aflord the desired product as a brown
solid (6% vyield over three steps). Mp: 61-62° C.; HRMS
(ESI): m/z: calcd for [C,, H,, N,O]": 542.3607 found:
542.3602.

N-Benzyl-6-chloropyrimidin-4-amine (29):

X

A

[0248] To a stirred solution of 4,6-dichloro-pyrimidine (5
g 33.6 mmol) i 1PrOH (100 mL), benzylamine (1.2 equiv.,
40.3 mmol, 4.4 mL) and Et;N (1.2 equiv., 40.3 mmol, 5.59
ml) were added. The reaction mixture was stirred at 25° C.
for 3 d and concentrated under reduced pressure. The crude
residue was triturated in water, filtered and dried to afiord
the desired product as a beige solid (7.21 g, 98% vyield).
LRMS (ESI) m/z calcd for [C,,H,,CIN;]": 220.1 found:
220.1
9-(6-(Benzylamino )pyrimidin-4-y1)-4-(6-((4,4-dimethylpip-
eridin-1-ylymethyl)pyridin-3-yl)-1,4,9-triazaspiro[ 3.5 Junde-
can-2-one (8):

O
N
N Ny
N N
f” ‘ =z N
Nao
NH
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[0249] Compound 8 was obtained following the general
procedure for S, Ar with chloropyrimidine derivatives
(chromatography: DCM/MeOH=100:5 to 100:10 to 100:15
to 100:20 to 100:30). The obtained impure product was
triturated 1n diethyl ether, filtered, washed twice with ether,
once with water and once with ether to afford the desired
product as a white solid (14 mg, 25% vyield). Mp: 208-209°
C.; HRMS (ESI): m/z: calcd for [C;, H, 3 N.O]": 555.3560
found: 555.3554.

9-(6-(Benzylamino ))pyrimidin-4-yl)-4-(4-((4,4-dimethylpip-
eridin-1-yl)methyl)phenyl)-1,4,9-triazaspiro[5.5]undecan-
2-one (9):

A~
NN \O\/N
Y

[0250] The corresponding chloropyrimidine was obtained
tollowing the general procedure for S,,Ar with 4,6-dichlo-
ropyrimidine. Instead of chromatography, after evaporation,
the crude residue was triturated in water, filtered and washed
once with water. The obtained sticky solid was dissolved 1n
MeOH and concentrated under reduced pressure to afford
the desired product, which was engaged in the next step
without further purification.

[0251] Compound 9 was obtained following the general
procedure for S,Ar with chloropyrimidine derivatives

(chromatography: DCM/MeOH=100:0 to 100:8 in 20 muin,
100:8 for 10 min, 100:8 to 100:10 1n 10 min). The obtained
impure product was triturated 1n water, filtered, washed once
with water to aflord the desired product as a pale yellow
solid (5% vield over two steps). Mp: 228-231° C.; HRMS
(ESI): m/z: caled for [C4,H,,N,O]": 554.3607 found: 554.
3602.
4-(4-((4,4-dimethylpiperidin-1-yl)methyl)phenyl)-9-(6-
(methylamino )pyrimidin-4-yl)-1,4,9-triazaspiro[5.5]unde-
can-2-one (10):

O
HN
N
|/\/ X
N\ /N\/ ‘
( P \/N
N\(
/NH
[0252] The corresponding chloropyrimidine batch was the

same than the one used for compound 9.

[0253] Compound 10 was obtained following the general
procedure for S, Ar with chloropyrimidine derivatives
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(chromatography: DCM/MeOH=100:0 to 100:12 1n 20 muin,
100:12 for 10 min, 100:12 to 100:15 1n 10 min, 100:15 for
10 min). White solid (3% vield over two steps). Mp:
235-236° C.; HRMS (ESI): m/z: calcd for [C,,H,,N,O]":
4'78.3294 found: 478.3289.
4-(4-((4,4-Dimethylpiperidin-1-yl)methyl )phenyl)-9-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl1)-1,4,9-triazaspiro[ 5.5 Junde-
can-2-one (17):

O
HN
NN N
(N\ ~ ‘\/\/N

[0254] To a stirred solution of 36 (100 mg, 0.21 mmol) 1n
dry THF (700 uL), under a mitrogen atmosphere, 4-chloro-
TH-pyrrolo[2,3-d[pyrimidine (1 equiv., 0.21 mmol, 32 mg)
was added. Nitrogen gas was bubbled through the reaction
for two minutes and Ruphos Pd G4 (5 mol %, 0.011 mmol,
8.9 mg), Ruphos (5 mol %, 0.011 mmol, 5.1 mg) and
LiHMDS (6.6 equiv., 1.39 mmol, 1.39 ml., 1 M THF) were
added. The reaction mixture was stirred at 65° C. for 4 h,
cooled down to 25° C. and concentrated under reduced
pressure. The crude residue was purified by flash column
chromatography (DCM/MeOH=100:3 to 100:5 to 100:8 to
100:10 to 100:15) to aflord the desired product as a yellow
solid (37 mg, 36% vield). Mp: 250-252° C.; HRMS (ESI):
m/z: calcd for [C,q Hyq NOJ™: 488.3138. found: 488.3132.
9-(2-Chloro-7H-pyrrolo[ 2,3-d|pyrimidin-4-yl)-4-(4-((4,4-
dimethylpiperidin-1-yl)methyl)phenyl)-1,4,9-triazaspiro| 3.
S]undecan-2-one (19):

O

A
AOUSH

[0255] 'To a stirred solution of 36 (100 mg, 0.21 mmol) 1n
1IPrOH (1 mL), 2.4-dichloro-7H-pyrrolo[2,3-d]pyrimidine
(1.2 equiv., 0.25 mmol, 47 mg) and Et;N (4 equiv., 0.84
mmol, 116 ul) were added. The reaction mixture was stirred
at 100° C. for 3 h and an additional 3 h at 130° C., both 1n
the microwave. The reaction mixture was concentrated
under reduced pressure and the crude residue was triturated
in water. The resulting precipitate was filtered, washed with
water and dried to aflord the desired impure product, which
was further purified by flash column chromatography

(DCM/MeOH=100:0 to 100:10 in 15 min, 100:10 for 10
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min) to aflord the desired product as a beige solid (46 mg,
42 yield). Mp: 199-201° C.; HRMS (ESI): m/z: calcd for
[C,q Hy-, CIN,O]™: 522.2748 found: 522.2731.
9-(6-(Cyclopropylamino )pyrimidin-4-yl)-4-(4-((4,4-dim-
cthylpiperidin-1-yl)methyl)phenyl)-1,4,9-triazaspiro[5.3]
undecan-2-one (16):

D

[0256] Compound 16 was obtained following the general
procedure for S,Ar with chloropyrimidine derivatives
(chromatography: DCM/MeOH=100:0 to 100:10 1n 15 muin,
100:10 for 10 min, 100:10to 100:15 1n 15 min). Brown solid
(25% vyield). Mp: 172-174° C.; HRMS (ESI): m/z: calcd for
[C,o H,,N,O]": 504.3451 found: 504.3445.
4-(4-((4,4-Dimethylpiperidin-1-yl)methyl )phenyl)-9-(6-
(1sopropylamino)pyrimidin-4-y1)-1,4,9-triazaspiro[ 5.5 Jun-
decan-2-one (15):

g

[0257] Compound 15 was obtained following the general
procedure for S, Ar with chloropyrimidine derivatives
(chromatography: DCM/MeOH=100:0 to 100:8 in 15 muin,
100:8 for 10 min, 100:8 to 100:10 1n 10 min). Beige solid
(52% vyield). Mp: 175-176° C.; HRMS (ESI): m/z: calcd for
[C,o H,.N-O]™: 506.3607 found: 506.3602.

1-(4-Bromobenzyl)-4,4-dimethylpiperidine (23):
NN /\N
=

Br

May 2, 2024

[0258]
procedure for dimethylpiperidine alkylation (chromatogra-
phy: EtOAc/heptane=0:10 to 3:7). Yellow o1l, 99% vield.
LRMS (ESI) m/z caled for [C,,H,,BrN]": 282.1 found:
282.1.

Intermediate 23 was obtained following the general

5-Chloro-2-((4,4-dimethylpiperidin-1-yl)methyl)pyridine
(26):

N\/\N

Cl

[0259] To a stirred solution of (5-chloropyridin-2-yl)
methanol (2.43 g, 17 mmol) in DCM (40 mL), SOCI, (1.5

equiv., 25.5 mmol, 1.85 mL) and DMF (1 drop) were added.
The reaction mixture was stirred at 25° C. for 2 h and

concentrated under reduced pressure to atford the chloroal-

kane, which was engaged 1n the next step without further
purification.

[0260] Intermediate 26 was obtained following the general
procedure for dimethylpiperidine alkylation but the reaction
mixture was stirred at 70° C. for 3 h (column chromatog-
raphy: EtOAc/heptane=1:9 to 3:7). Yellow solid, 86% vyield
over two steps. LRMS (ESI) m/z calcd for [C, ;H,, CIN,]™:
239.1 found: 239.2

9-(6-Chloropyrimidin-4-yl1)-4-(6-((4,4-dimethylpiperidin-1-
yDmethyl)pyridin-3-yl)-1,4,9-triazaspiro[ 5.5 |Jundecan-2-
one (34):

O
HN
(\/N Ny

N\/N\/ ‘
K ‘ = N
NY

Cl
[0261] The corresponding Boc protected amine was

obtained following the general procedure for Buchwald-
Hartwig coupling (chromatography: DCM/MeOH=100:2 to

100:5 to 100:8 to 100:12 to 100:15 to 100:20). The impure
desired product was engaged 1n the next step without further
purification.

[0262]
the general procedure for Boc group deprotection. After

The corresponding amine was obtained following

evaporation, the crude residue was triturated 1n acetone and
the resulting precipitate was filtered, washed with acetone

and dried to afford the impure desired product, which was
engaged 1n the next step without further purification.
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[0263] Intermediate 34 was obtained following the general
procedure for S,,Ar with 4,6-dichloropyrimidine (column
chromatography: DCM/MeOH=100:2 to 100:5 to 100.8 to
100:10 to 100:15 to 100:20) to aflord the desired product as
a yellow solid (123 mg, 27 yield over three steps). LRMS
(ESI) m/z caled for [C,; H; CIN,O]™: 484.3 found: 484.3.
tert-Butyl  4-(4-((4,4-dimethylpiperidin-1-yl)methyl)phe-
nyl)-2-0xo0-1,4,9-triazaspiro[ 5.5 Jundecane-9-carboxylate
(35):

O

Y @\/OL

[0264] Intermediate 35 was obtained following the general
procedure for Buchwald-Hartwig coupling (chromatogra-
phy: DCM/MeOH=100:5 to 100:8 to 100:12 to 100:20).
Beige solid, 93% vield.
4-(4-((4,4-Dimethylpiperidin-1-yl)methyl)phenyl)-1,4,9-tr1-
azaspiro[S.5Jundecan-2-one hydrochloride (36):

HN
N
HN
N
JHCI

[0265] Intermediate 36 was obtained following the general
procedure for Boc group deprotection. After evaporation, the
crude residue was triturated 1n acetone and the resulting
precipitate was {iltered, washed with acetone and dried to
afford the desired product as a beige solid (30% yield over
two steps from intermediate 32). LRMS (ESI) m/z calcd for
|C,, Hys NLOJ™: 371.3 found: 371.3.
9-(6-Chloropyrimidin-4-yl1)-4-(4-((4,4-dimethylpiperidin-1-
yDmethyl)phenyl)-1,4,9-triazaspiro[ 5.5]undecan-2-one

(37):

HN

N NS
Cl
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[0266] Intermediate 37 was obtained following the general
procedure for S,,Ar with 4,6-dichloropyrimidine. Instead of
chromatography, after evaporation of the crude mixture, the
residue was triturated 1n water. The obtained precipitate was
filtered, washed with water and dried to aflord the desired
product as a brown solid (63% vyield). LRMS (ESI) m/z
calcd for [C,, H, CIN,O]™: 483.3 found: 483.3.

4-(4-((4,4-Dimethylpiperidin-1-yl)methyl)-2-tfluorophe-
nyl)-9-(6-(methylamino)pyrimidin-4-yl)-1,4,9-triazaspiro
[5.5]undecan-2-one (20):

O
HN I3
lffﬁ\\\\My#fNHMh N
N N

W X ~ ‘ z N

N L

;f#NH:

[0267] Compound 20 was obtained following the general

procedure for S,Ar with chloropyrimidine derivatives
(chromatography: DCM/MeOH=100:0 to 100:8 1n 20 muin,
100:8 for 15 min). White solid (47% vield). Mp: 202-204°
C.; HRMS (ESI): m/z: calcd for [C,-H;,FN-,O]™: 496.3200
found: 496.3195.

4-(4-((4,4-Dimethylpiperidin-1-yl)methyl)-3-fluorophe-
nyl)-9-(6-(methylamino)pyrimidin-4-yl)-1,4,9-triazaspiro
[5.5]undecan-2-one (21):

HN

}LHH -Nghwff &
,/}HI

[0268]
procedure for S,Ar with chloropyrimidine derivatives
(chromatography: DCM/MeOH=100:0 to 100:8 1n 20 muin,
100:8 for 5 min, 100:8 to 100:12 1n 10 min, 100:12 for 5
min). Yellow solid, 69% vyield. Mp: 210-211° C.; HRMS
(ESI): m/z: calcd for [C,-H,,FN-O]": 496.3200 found:
496.3195.

Compound 21 was obtained following the general
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4-(4-((4,4-Dimethylpiperidin-1-yl)methyl)-2,5-difluorophe-
nyl)-9-(6-(methylamino )pyrimidin-4-yl)-1,4,9-triazaspiro
[ 5.5]undecan-2-one (22, UZH2):

O

N

N F(jL
SOV
Y N
sadl
N A
_NH

[0269]
obtained following the general procedure for Buchwald-
Hartwig coupling (chromatography: DCM/MeOH=100:3 to

100:5 to 100:8). The impure desired product was engaged 1n

The corresponding Boc protected amine was

the next step without further purification.

[0270]
the general procedure for Boc group deprotection. The

The corresponding amine was obtained following

impure desired product was engaged in the next step without
turther punfication.

[0271]
following the general procedure for S,,Ar with 4,6-dichlo-

The corresponding chloropyrimidine was obtained

ropyrimidine. The impure desired product was engaged in
the next step without further purification.

[0272]
dure for S,;Ar with chloropyrimidine derivatives (chroma-
tography: DCM/MeOH=100:0 to 100:10 mn 15 min, to
100:10 for 10 min, 100:10 to 100:12 1n 10 min. White solid,
56% vield over four steps. Mp: 214-216; HRMS (ESI): m/z:
calcd for [C, H,.F,N-O]": 514.3106 found: 514.3100.

UZH2 was obtained following the general proce-

1-(4-Bromo-3-fluorobenzyl)-4,4-dimethylpiperidine (47):

Br

[0273]
procedure for dimethylpiperidine alkylation (column chro-
matography: EtOAc/heptane=1:9). Colorless o1l, 98% vyield.
LRMS (ESI) m/z calcd for [C,, H,, BrFN]™: 300.1 found:
300.1.

Intermediate 47 was obtained following the general
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9-(6-Chloropyrimidin-4-yl1)-4-(4-((4,4-dimethylpiperidin-1-
yDmethyl)-2-fluorophenyl)-1.4.9-triazaspiro[5.5Jundecan-
2-one (48):

HN I3

N\ N\/
Cl

[0274] The corresponding Boc protected amine was
obtained following the general procedure for Buchwald-
Hartwig coupling (chromatography: DCM/MeOH=100:3 to
100:5 to 100:8). The impure desired product was engaged 1n
the next step without further purification.

[0275] The corresponding amine was obtained following
the general procedure for Boc group deprotection. The
impure desired product was engaged in the next step without
turther punfication.

[0276] Intermediate 48 was obtained following the general
procedure for S,Ar with 4,6-dichloropyrimidine (column
chromatography: DCM/MeOH=100:3 to 100:5 to 100.8 to
100:10) to afford the desired product as a white solid (15%
yield over three steps). LRMS (ESI) m/z calcd for [C, H; 4
CIFNO]": 501.3 found: 501.3

1-(4-Bromo-2-fluorobenzyl)-4,4-dimethylpiperidine (49):

Br F

[0277] Intermediate 49 was obtained following the general
procedure for dimethylpiperidine alkylation. Colorless 1ig-
uid, 99% yield. LRMS (ESI) m/z calcd for [C,,H, ,BrFN]™:
300.1 found: 300.1.

tert-Butyl 4-(4-((4.,4-dimethylpiperidin-1-yl)methyl)-3-tluo-
rophenyl)-2-0x0-1,4,9-triazaspiro[ 5.5 Jundecane-9-carboxy-
late (50):

Y F
XOTN\/ @/

[0278] Intermediate 50 was obtained following the general
procedure for Buchwald-Hartwig coupling (chromatogra-
phy: DCM/MeOH=100:5 to 100:8 to 100:12 to 100:16).
Brown solid (83% vyield). LRMS (ESI) m/z calcd {for
[C,-H,,FN,O;]": 489.3 found: 489 4.
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9-(6-Chloropyrimidin-4-yl1)-4-(4-((4,4-dimethylpiperidin-1-
yDmethyl)-3-fluorophenyl)-1,4,9-trnnazaspiro[ 3.5Jundecan-
2-one (51):

N N
( N

Cl
[0279] The corresponding amine was obtained following
the general procedure for Boc group deprotection. The
impure desired product was engaged in the next step without
turther punfication.
[0280] Intermediate 51 was obtained following the general
procedure for S, Ar with 4,6-dichloropyrimidine. Instead of
chromatography, after evaporation of the crude mixture, the
residue was triturated 1n water. The obtained precipitate was
filtered, washed with water and dried to aflord the desired
product as a brown solid (58 vyield over two steps). LRMS
(ESI) m/z calcd for [C, 4 Hys CIFNO]™: 501.3 found: 501.3.
1-(4-Bromo-2,5-difluorobenzyl )-4,4-dimethylpiperidine
(52):

Br

[0281] To a stirred solution of 4-bromo-2,5-difluoroben-
zoic acid (1 g, 4.2 mmol) 1n dry THF (10 mL), under a
nitrogen atmosphere, BH;-SMe, (2 equiv., 8.4 mmol, 4.2
ml., 2 M THF) was added. The reaction mixture was stirred
for 17 h at 25° C., cooled down to 0° C. and quenched by
the addition of a saturated aqueous Na,CO, solution. The
aqueous layer was extracted three times with EtOAc and the
combined organic layers were washed once with brine, dried
over MgSO, and concentrated under reduced pressure to
alford the desired product as a brown solid (789 mg, 83%
yield).

[0282] To a stirred solution of the corresponding alcohol
(789 mg, 3.54 mmol) in DCM (10 mL), SOCI 2 (1.5 equiv.,
5.3 mmol, 385 ul) and DMF (1 drop) were added. The
reaction mixture was stirred at 25° C. for 3 h and concen-
trated under reduced pressure to aflord the desired chloro-
alkane, which was engaged in the next step without further
purification. To a stirred solution of the corresponding
chloroalkane (425 mg, 1.76 mmol) in dimethylformamide (5
mL), 4,4-dimethylpiperidine hydrochloride (1 equiv., 1.76
mmol, 263 mg) and K,CO, (2 equiv. 3.52 mmol, 486 mg)
were added. The reaction mixture was stirred at 25° C. for
3 days and concentrated under reduced pressure. The

obtained residue was purified by flash column chromatog-

raphy (EtOAc/heptane=3:100 to 10:100) to aflord the

desired product as a colorless liquid (514 mg, 92%). LRMS
(ESI) m/z caled for [C, H, BrF,N]*: 318.1 found: 318.1
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8-(4-((4,4-Dimethylpiperidin-1-yl)methyl)phenyl)-2-(6-
(methylamino )pyrimidin-4-yl1)-2,5,8-triazaspiro[3.5nonan-
6-one (11):

O
HN
N
N N/Jk/ N
N |
‘ Z \/N
N\K
NH
e
[0283] The corresponding Boc protected amine was

obtained following the general procedure for Buchwald-
Hartwig coupling (chromatography: DCM/MeOH=100:5 to
100:8 to 100:11 to 100:13). The impure desired product was
engaged 1n the next step without further purification.
[0284] The corresponding amine was obtained following
the general procedure for Boc group deprotection. The
impure desired product was engaged in the next step without
turther punification.

[0285] The corresponding chloropyrimidine was obtained
following the general procedure for S,.Ar with 4,6-dichlo-
ropyrimidine. Due to 40 derivative impurities still present, 7
equivalents of the pyrimidine and 7 equvalents of Et;N
were used and the reaction was heated for 7 h at 80° C. mn
the microwave. The impure desired product was engaged in
the next step without further purification.

[0286] Compound 11 was obtained following the general

procedure for S, Ar with chloropyrimidine derivatives
(chromatography: DCM/MeOH=100:0 to 100:10 1n 15 mun,

100:10 for 5 min, 100:10 to 100:13 1n 5 min, 100:13 for 5
min). Yellow solid, 19% vield over four steps. Mp: Decom-
position; HRMS (ESI): m/z: calcd for [C,; H;, N,OJ™:
450.2981 found: 450.2976.

tert-Butyl 3-amino-3-(nitromethyl)azetidine-1-carboxylate
(38):

H,N

XOTE/\ |

[0287] To a stirred solution of tert-butyl 3-oxoazetidine-
1-carboxylate (10.65 g, 62 mmol) in EtOH (31 mL), MeNO,
(13 mL) and K,CO, (1 mol %, 0.62 mmol, 86 mg) were
added. The reaction mixture was stirred at 25° C. for 17 h
and filtered. The filtrate was concentrated under reduced
pressure to aflord the desired product, which was engaged in
the next step without further purification.

[0288] To a stirred solution of the corresponding alcohol
(62 mmol) in dry DCM (250 mL), under a nitrogen atmo-

sphere and cooled to -78° C., DAST (1.2 eq., 74.4 mmol,
9.8 mL) was added dropwise. The cooling bath was removed
and the reaction mixture was stirred for 3 h, cooled to 0° C.
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and quenched slowly by the addition of a saturated aqueous
NaHCO, solution. The aqueous layer was extracted three
times with DCM, washed once with brine, dried over
MgSQO,, filtered and concentrated under reduced pressure to
obtain the desired product, which was engaged 1n the next
step without further purification.

[0289] The corresponding nitromethylene (62 mmol) was
dissolved 1 ammonia (17.7 mL, 7 N 1n MeOH) and the
reaction mixture was stirred for 2 h at 25° C. The reaction
mixture was concentrated under reduced pressure to afford
the desired product as an orange solid (15.67 g, quantitative
yield over three steps).

tert-Butyl 3-(aminomethyl)-3-(((benzyloxy)carbonyl)
amino azetidine-1-carboxylate (39):

O

O
XOTM\ |

[0290] To a stirred solution of 38 (62 mmol) 1 dichlo-
romethane (100 mL), a solution of NaHCO, (2 equiv., 124
mmol, 10.42 g) in water (100 mL) was added. The reaction
mixture was cooled to 0° C. and Cbz(Cl (1 equiv., 62 mmol,
8.8 mL) was added dropwise. The reaction mixture was
stirred at 25° C. for 17 h and the two phases were separated.
The aqueous layer was extracted two times with DCM. The
combined organic layers were washed once with brine, dried
over MgSQO,, filtered and concentrated reduced pressure to
alford the desired product, which was engaged 1n the next
step without further purification.

[0291] To a stirred solution of the corresponding nitroal-
kane (62 mmol) in dry MeOH (300 mL), under a nitrogen
atmosphere at 0° C., Ni1Cl,-6 H,O (1 equiv., 62 mmol, 16.9
g) was added, followed by NaBH,, (5 equiv., 310 mmol, 11.7
g) portionwise to avoid strong H, evolution. Caution when
adding NaBH_, the reaction 1s highly exothermic and pro-
duce hydrogen gas. The reaction mixture was stirred at 25°
C. for 1 h and quenched by adding saturated aqueous
NaHCO; solution. The mixture was filtered through a pad of
Celite, the filtrate was concentrated under reduced pressure
and the obtained residue was diluted with brine and a
saturated aqueous Na,CO, solution. The aqueous layer was
extracted three times with DCM and the combined organic
layers were washed once with brine, dried over MgSQO,,
filtered and concentrated under reduced pressure. The crude
residue was purified by flash column chromatography

(DCM/MeOH/NH,OH=100:3:0 to 100:3:1 to 100:5:1 to
100:8:1 to 100:12:1 to 100:20:1) to aflord the desired
product as a white solid (11.3 g, 54% vyield over two steps).
LRMS (ESI) m/z calcd for [C5, HN.Og]"=[2 M+H]™:
671.4 found: 671.4.
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tert-Butyl 6-0x0-2,3,8-triazaspiro[ 3.5 nonane-2-carboxylate
(40):

HN

XOT@K/

[0292] To a stirred solution of 39 (11.3 g, 33.7 mmol) 1n
DCM (110 mL) at 0° C., Et;N (1 equiv., 33.7 mmol, 4.7 mL)
and ethyl 2-bromoacetate (1 equiv., 33.7 mmol, 3.7 mL)
were added. The reaction mixture was stirred at 25° C. for
1’7 h and diluted with a saturated aqueous NaHCO, solution.
The aqueous layer was extracted three times with DCM and
the combined organic layers were washed once with water,
once with brine, dried over MgSQO,, filtered and concen-
trated under reduced pressure, to afford the impure desired
product (12.4 g, 29 mmol), which was engaged in the next
step without further purification.

[0293] To a stirred solution of the corresponding Cbz
protected amine (29 mmol) 1 1PrOH (240 mL), Pd/C (5 mol
1.5 mmol, 1.6 g, 10% wt) and ammonium formate (6 equiv.,
174 mmol, 11 g) were added portionwise. The reaction
mixture was stirred at 80° C. for 4 h, cooled to 25° C.,
filtered through a pad of Celite and concentrated under
reduced pressure. The obtained residue was partitioned
between DCM and water, the two phases were separated and
the aqueous layer was extracted three times with DCM. The
combined organic layers were washed once with water, once
with brine, dried over MgSO,, filtered and concentrated

under reduced pressure. The crude residue was purified by
flash column chromatography (DCM/MeOH=100:5 to 100:8

to 100:10 to 100:15 to 100:20) to atlord the desired product
as a white solid (2.6 g, 32% vyield over two steps). LRMS
(ESI) m/z calcd for [C H,,N,O,]"=[M-tBu+2 H]": 186.1
found: 186.2
4-(4-((4-Fluoro-4-methylpiperidin-1-yl)methyl)phenyl)-9-
(6-(methylamino)pyrimidin-4-y1)-1,4,9-triazaspiro[ 5.5 Jun-
decan-2-one (53):

HN
N\ N\/ .
- NH

[0294] Compound 53 was obtained following the general

procedure for S, Ar with chloropyrimidine derivatives
(chromatography: DCM/MeOH=100:0 to 100:7 in 20 muin,

100:7 for 5 min, 100:7 to 100:8 in 5 min, 100:8 for 10 min).
Pale yellow solid, 353% vield. Mp: 203-205° C.; HRMS
(ESI): m/z: calcd for [C, H;y, FN, O]": 482.3044 found:
482.3038.




US 2024/0139189 Al

9-(6-Chloropyrimidin-4-yl1)-4-(4-((4-fluoro-4-methylpiperi-
din-1-yl)methyl)phenyl)-1,4,9-triazaspiro[5.5Jundecan-2-
one (54)

K\/N\/\ F

N O
( 7

NS N

N F
Cl
[0295] The corresponding Boc protected amine was

obtained following the general procedure for Buchwald-
Hartwig coupling (chromatography: EtOAc/heptane=7:3 to

9:1 to EtOAc/MeOH=100:3 to 100:5 to 100:8 to 100:10).
The impure desired product was engaged 1n the next step

without further purification.

[0296] The corresponding amine was obtained following
the general procedure for Boc group deprotection. The
impure desired product was engaged in the next step without
turther purification.

[0297] Intermediate 54 was obtained following the general

procedure for S,,Ar with 4,6-dichloropyrimidine (column
chromatography: DCM/MeOH=100:3 to 100:5 to 100.8) to

allord the desired product as a white solid (12% yield over
three steps).

1 -(4-Bromobenzyl)-4-fluoro-4-methylpiperidine (55):

Br

[0298] To a stirred solution of tert-butyl 4-hydroxy-4-
methylpiperidine-1-carboxylate (500 mg, 2.32 mmol) 1n dry
DCM (7 mL), at 0° C. under a mitrogen atmosphere, DAST
(1.5 eq., 3.48 mmol, 460 ul.) was added. The mixture was
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stirred at 25° C. for 3 h and quenched by adding saturated
aqueous NaHCO, solution. The two phases were separated
and the aqueous layer was extracted two times with DCM.
The combined organic layers were washed with brine, dried
over MgSQO,, filtered and concentrated under reduced pres-
sure to alford the desired product, which was engaged in the
next step without further purification.

[0299] The corresponding amine was obtained following
the general procedure for Boc group deprotection. The
impure desired product was engaged in the next step without
turther punfication.

[0300] Intermediate 55 was obtained following the general
procedure for dimethylpiperidine alkylation. (column chro-
matography: EtOAc/heptane=1:9 to 3:7 to 1:1). Yellow oil,
77% vield over three steps.
4-(4-((4,4-dimethylpiperidin-1-yl)methyl)phenyl)-9-(1H-
pyrazolo[3.,4-d|pyrimidin-4-yl)-1.,4,9-triazaspiro[ S.5]unde-
can-2-one (56):

HN~17n

[0301] o a stirred solution of 36 (150 mg, 0.31 mmol) 1n
1IPrOH (1.5 mL), 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine
(1.2 equiv., 0.38 mmol, 58 mg) and Et;N (4 equiv., 1.24
mmol, 172 ul.) were added. The reaction mixture was stirred
at 50° C. for 3 h and an additional 2 h at 70° C., both 1n the
microwave. The reaction mixture was concentrated under
reduced pressure and the crude residue was triturated in
water. The resulting precipitate was filtered, washed with
water, washed with DCM and dried to afford the desired
impure product, which was further purified by flash column
chromatography (DCM/MeOH=100:0 to 100:10 1n 20 min,
100:10 for 10 min) to afford the desired product as a yellow
solid (33 mg, 22% vield). Mp: 252-234° C.; HRMS (ESI):
m/z: calcd for [C,,H,,N,O]": 489.3090 found: 489.3085

TABLE 1

IC50 data for N6-adenosine-methvltransferase

Name

33

Structure ICs5q (UM)

O 0.069

N X

A
N N
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TABLE 1-continued
IC50 data for N6-adenosine-methyltransferase
Name Structure IC56 (ULM)
7 0.28
O
N
N /\N
N N ‘
o AN
S A
N ‘\/NH

0 0.037
HNJH
N
N

AL OF
Y A

2
4

<
é

0.026

10 O 0.089
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TABLE 1-continued

IC50 data for N6-adenosine-methyltransferase

Name Structure [C5 (LM)

11 O 0.44

17 O 0.061

56 O 0.14

19 O 0.024




US 2024/0139189 Al May 2, 2024
42

TABLE 1-continued

IC50 data for N6-adenosine-methyltransferase

Name Structure [Cy5y (M)
O
HNJH
N
N N
N

NH

16 0.084

/

\

[
v

15 O 0.33

20 O 0.038

21 O 0.032
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TABLE 1-continued

IC50 data for N6-adenosine-methyltransferase
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Name Structure

22 0
(UZH2)

_F
F N

1. A compound of the general formula (A)

wherein
NR?1R>? is selected from

08 -84
W%WLW

N

oo

each R” is independently selected from the group com-
prising F, Cl, CF,, CHF,, CH, F, particularly each R”
1s F:

n 1s an mteger selected from O, 1, 2, 3, and 4, particularly

n 1s an integer selected from 0, 1, and 2, more particu-
larly n 1s 2;

Handle 1s a connecting moiety comprising or essentially
consisting of 3 to 10 atoms of atomic mass (C, N, O, S),
particularly 4 to 8 atoms of atomic mass 12;

Linker 1s a linker moiety comprising or essentially con-
sisting of 3 to 50 atoms of atomic massz12, particularly
4 to 30 atoms of atomic mass=12, more particularly 5
to 20 atoms of atomic mass=12;

E3 ligase binder 1s a moiety specifically binding to an E3
ligase.

ICsq (UM)

0.008

(A)

/(\ T
SNy N";X[Handle Linker]—(E3 ligase binder]

2. The compound according to claim 1, wherein the E3
ligase binder 1s of the formula (B)

(B)

ZT

wherein
Ox 1s CH, or C=0;
T 1s selected from the group comprising F, Cl, particularly
T 1s F;
k 1s an 1mteger selected from the group comprising O, 1, 2,

particularly the group comprising O, 1, more particu-
larly k 1s 0O;

MW\ designates the bond to the Linker.

3. The compound according to claim 2, wherein k 1s O.

4. The compound according to any one of the preceding
claims, wherein the Handle comprises or essentially consists
of 1, 2, 3, or 4 chemical moieties selected from the group
comprising alkyl, amine, phenyl, and carbonyl.

5. The compound according to any one of the preceding
claims, wherein the Handle 1s selected from the group
comprising the following formulas:
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(C)

(D)

IEII Mid I'%
Sy
Linker
O
% Mid
}{ N \/H><
Linker,

N==N\

T% /QN—% Linder
}LL/L ~Mid

(E)

wherein

Mid 1s selected from the group comprising C,-C; alkyl,
and phenyl.

6. The compound according to any one of the preceding
claims, wherein the Handle 1s selected from the group
comprising the following formulas:

H H
N\/\/ N
Linker

(F)

(G)
X
N ‘ . Linker
NN
O
(H)

R

|
S
Linker
N==N

H \*/\N% Linker.
E{ N S

()

7. The compound according to any one of the preceding
claims, wherein the Linker comprises or essentially consists
of 1, 2, 3, 4, 5, 6, or 7 chemical moieties independently
selected from the group comprising alkyl, aryl, heteroaryl,
cycloalkyl, heterocycloalkyl, alkylene, alkylyne, ethylene
glycol, carbonyl, ether, ester, amine, amide, sulfonamide,
wherein the chemical moieties are each independently
unsubstituted or substituted with C,-C; alkyl, halogen, CN,
NO,, hydroxyl, amine, sulfate, phosphate, and/or carboxyl;

particularly wherein the Linker comprises or essentially
consists of 1, 2, 3, or 4 chemical moieties selected from
the group comprising alkyl, ethylene glycol, carbonyl,
piperazine, aryl, amine, triazole.
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8. The compound according to any one of the preceding
claims, wherein the Linker 1s selected from the group
comprising the following formulas:

(K)
O
E3 ligase binder
N }51 >
Handle Lin E
(L)
H . .
N P Ell],j:j ligase binder
Handle NN 3
(M)
O
Handle

Liﬂ/\N/\‘
K/N
E3 ligase binder

(N)
E3 ligase binder
Handl}{\ L N Ellg

wherein

Lin 1s selected from the group comprising C,-C,, alkyl,
C;-C,, alkyl-tnazole, oligo(ethylene glycol).

9. The compound according to any one of the preceding
claims, wherein the Linker 1s selected from the group
comprising the following formulas:

(O)

O
H
N/N
Ha.nd?:\%]\/\fo p ?'J]-; ligase binder
(
O
}1115;3 ligase binder
N
Handle q T

% E3 ligase binder
Handle \Mr/\g

P)

(Q)

(R)

H
N E3 ligase binder

Handle s 1\\1/\/ /
N

N
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-continued
(S)

E3 llgase binder

Handle :

N-..._N

E3 ligase binder
Handle : N

wherein

p 1s selected from 2, 3, 4, 5;

q 1s selected from 7, 8, 9, 10, 11, 12, 13;

r 1s selected from 11, 12, 13, 14, 15, 16, 17;

s 15 selected from 7, 8, 9, 10, 11, 12, 13;

t 1s selected from 3, 4, 5, 6, 7, 8, 9;:

u 1s selected from 7, 8, 9, 10, 11, 12, 13.

10. The compound according to any one of the preceding
claims 1 to 6, wherein the Linker 1s a peptide, particularly a
peptide consisting of proteinogenic amino acids.

11. The compound according to any one of the preceding
claims, wherein

the E3 ligase binder 1s of the formula (B) as defined 1n

claim 2; and
the Handle has the definition of claim 6; and

the Linker has the definition of claim 9.

12. The compound according to any one of the preceding

claims, wherein the compound comprises the following
definitions of the Handle, Linker and E3 ligase binder:

(1)

Handle  Linker E3 ligase binder

formula formula

(F) (O)
O
formula formula

O O
(F) (R) g %
N O
.
WA WA W W, Wa Ty W Wy O
O O
H
N
XO%(NAGO
O

45

Handle

formula

(F)

formula

(F)

formula
(H)

formula
(G)

Linker

formula

(P)

formula

(S)

formula

(P)

formula

(Q)
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-continued

E3 ligase binder

-

O O
H
N
<L
O O
H
S N
L
AN
O O
H
N
L
O O
H
F N
L
AN
O O
H
N
<L
O O
H
Z N
N O
AN
AV AVAT Vo VolWaly O
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-continued

Handle Linker E3 ligase binder

O O
H
N
XQiNAGO
O

formula formula

O O
H
/4 N
O
. \<
O

13. The compound according to any one of the preceding
claims 1 to 12, wherein NR°'R>? is

pQ

~

14. The compound according to any one of the preceding
claims 1 to 12, wherein NR°'R>? is
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15. The compound according to any one of the preceding

claims 1 to 12, wherein NR?'R>“ is

-

O O
(7) (T) I particularly NR?'R>* is
= N
N 0
AN
AV aWa W,y FaFWa¥, Vo O

3<
N+w

16. A compound of the general formula (U)

XN
RBI\\ / /(\J
N -
‘ Ny NAN}
R3Z o
. /'-.. N/\)

NH

NR>1R>? is selected from

SRR
W{MMJNW

(U)
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R” is selected from the group comprising F, Cl, CF,,

CHF 2, CH, F, particularly R is F:;

n 1s an integer selected from O, 1, 2, 3, and 4, particu-
larly n 1s an mnteger selected from 0, 1, and 2, more
particularly n 1s 2;

R> is selected from an alkyl, an alkylaryl, a heteroal-
kylaryl, a cycloalkyl, an aryl, a heteroaryl and a
heterocycle, particularly R> is selected from an alkyl,
an alkylaryl, and a cycloalkyl, more particularly R>
15 selected from methyl and methylphenyl.

17. The compound according to claim 16, wherein

NR>'R>* is

N,

18. The compound according to claim 16, wherein
NR>'R>* is
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19. The compound according to claim 16, wherein

NR'R3? is
N/ \

o

particularly NR*'R>* is

3<
N+W

20. A compound according to any of the preceding claims
for use as a medicament.

21. A compound according to any of the preceding claims
1 to 19 for use 1n treatment of cancer.

22. The compound for use according to claim 21, wherein
said cancer 1s selected from the group comprising renal
cancer, breast cancer, acute myeloid leukemia, hepatocellu-
lar carcinoma, and lung adenocarcinoma.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

